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Foreword I 



Research into blistering diseases has been one of the 
success stories of the last 20 years in dermatology. 
Blistering diseases divide naturally into the auto- 
immune variants, seen mainly in adults, and inher- 
ited varieties, mainly presenting in early childhood. 
Studies on all continents looking at the clinical as- 
pects, traditional pathology, detailed electron mi- 
croscopy, and subsequent correlation of these three 
aspects with modern molecular biology have greatly 
increased our understanding of the mechanisms at 
fault in both autoimmune and inherited blistering 
disorders. The range of genetic defects identified 
have lowered the age of gestation at which the molec- 
ular diagnosis of a foetus at risk can be investigated 
in high-risk pregnancies. It is therefore essential that 
the modern dermatologist, paediatrician, geriatri- 
cian and primary care physician have a clear under- 
standing of our current knowledge of blistering dis- 
eases. Professor Megahed has brought all aspects of 
this knowledge together in this excellent monograph, 
which should be required reading for all those in- 
volved in the diagnosis or management of patients 
with this group of disorders. 



Rona MacKie 
MD DSc FRCP FRCPath 
Professor of Dermatology 
University of Glasgow 
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Foreword II 



Since the early days of modern dermatology, blister- 
ing diseases as a group of skin disorders have fasci- 
nated - and occasionally puzzled - clinicians and sci- 
entists alike. It has been clear for decades that we are 
dealing with a spectrum of disorders with diverse 
phenotypic manifestations and overlapping features, 
yet with a single unifying diagnostic feature, i. e., blis- 
tering of the skin. What has been puzzling in the past 
is that the natural outcome and the response to med- 
ication were often unpredictable, and not infrequent- 
ly, the clinical presentation shifted from one estab- 
lished disease category to another. Adding to the 
complexity were the observations that in some cases 
the blistering was present at birth, often with familial 
occurrence, while in other cases blistering developed 
late in life without any family history. Furthermore, 
blistering was occasionally associated with seeming- 
ly unrelated extracutaneous diseases, such as various 
malignancies and lymphoproliferative disorders. 

Over the past three decades, the seemingly confus- 
ing picture has been considerably clarified. With the 
advent of research in cutaneous biology and patholo- 
gy, it first became clear that certain blistering dis- 
eases are due to circulating autoantibodies. The 
specificity of these antibodies recognizing autoanti- 
gens within the skin determines the distinctive fea- 
tures and allows subclassification of these conditions, 
as illustrated by the pemphigus group of disorders. 
Subsequently, the heritable blistering disorders, ex- 
emplified by different forms of epidermolysis bul- 
losa, were shown to result from mutations in the 
structural genes expressed within the cutaneous 
basement membrane zone. Today, mutations are 
known to reside in as many as ten distinct genes, pro- 
viding the molecular explanation for the spectrum of 
phenotypic severity in this group of heritable disor- 
ders. Identification of specific mutations in patients 
with epidermolysis bullosa has now provided the ba- 
sis for development of a refined, molecularly based 
classification system with prognostic implications. 
This progress has also improved our capability for 
accurate genetic counseling and has provided the ba- 



sis for DNA-based prenatal testing and preimplanta- 
tion genetic diagnosis. 

In addition to providing etiologic explanations for 
different forms of blistering disorders - both ac- 
quired and heritable - research on these conditions 
has provided new understanding of the biology of 
normal skin. For example, early characterization of 
autoantigens by utilizing circulating autoantibodies 
as diagnostic tools has allowed identification of spe- 
cific structural proteins of the epidermis. These in- 
clude desmosomal desmogleins as well as hemides- 
mosomal bullous pemphigoid antigens, discovered 
by the use of sera from pemphigus and bullous pem- 
phigoid patients, respectively. Furthermore, identifi- 
cation of pathogenic mutations in epidermolysis bul- 
losa which reside in distinct genes encoding proteins 
expressed at the cutaneous basement membrane 
zone has provided unequivocal genetic evidence for 
the importance of adhesion complexes, such as 
hemidesmosomes, anchoring filaments and anchor- 
ing fibrils, in providing stability to the dermal-epi- 
dermal adhesion zone. In fact, examination of the 
epidermolysis bullosa mutation database has allowed 
development of the concept of a protein network ex- 
tending from the intracellular milieu of the basal ker- 
atinocytes to the sublamina densa compartment at 
the upper papillary dermis as a critical structural el- 
ement necessary for stable association of epidermis 
with the underlying dermis. Thus, genetic mutations 
in these structural components of the dermal-epider- 
mal junction or their perturbations by immunologic 
means explain the fragility of skin, as seen in herita- 
ble and acquired forms of blistering disorders. 

This treatise compiled by Professor Megahed 
chronicles the journey of increased understanding of 
blistering diseases from the the early history of med- 
icine to the era of molecular dermatology. It high- 
lights the progress made in understanding blistering 
diseases over more than two centuries as a result of 
astute clinical observations and relentless investiga- 
tive research. In a masterful way, the book combines 
both clinical, histopathological, electron microscop- 
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Foreword II 



ic, immunological and molecular biological aspects 
of blistering diseases, with the culmination of current 
understanding of the molecular basis of this fascinat- 
ing group of disorders. The summary of blistering 
diseases, as presented in this textbook, serves as an 
instructive paradigm of the progress in modern der- 
matology. Professor Megahed should be congratulat- 
ed for this outstanding work. 



JouNi Uitto,MD PhD 
Professor and Chair 
Jefferson Medical College 
Philadelphia, Pennsylvania 
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Preface 



The idea of writing this book first arose during my 
stay in the laboratories of Professor Jouni Uitto at 
Thomas Jefferson University, Philadelphia. There I 
had the opportunity to work with many gifted scien- 
tists and able physicians who were interested in 
studying the cellular and sub-cellular pathology of 
blistering diseases. I observed, however, that al- 
though the scientists clearly had a very detailed 
knowledge of the genes and proteins involved in the 
blistering diseases, it was evident that they knew 
much less about the disease processes from both a 
clinical and a histopathological perspective. Con- 
versely, although many of the physicians were very 
aware of the clinical manifestations of the blistering 
diseases, they often lacked detailed knowledge of 
both the skin pathology and the rapidly expanding 
molecular and cellular biology findings that were 
emerging from this and other laboratories. Further- 
more, I also noted that pathologists and der- 
matopathologists were also experiencing difficulties 
in finding a single comprehensive source of informa- 
tion that encompassed the new molecular data while 
also providing a clinical link. Finally, I was aware that 
other clinicians, including ophthalmologists, gynae- 
cologists, oral surgeons and otolarygologists, who oc- 
casionally encounter patients with blistering diseases 
in their clinical practices, were also lacking reference 
to information that would help them better diagnose 
and understand these disorders. 

For all of these reasons, I felt encouraged to write 
a new type of book that could present these diseases 
in an integrated modern style, combining the clinical 
picture, histopathology, molecular biology and mo- 
lecular genetics within one presentation. 



The book consists of five chapters and contains 532 
high-quality images. In the first chapter, I have pro- 
vided a historical overview of these diseases to allow 
the reader to appreciate the huge developments and 
progress that has taken place in studies of blistering 
disorders. The second chapter then focuses on the 
molecular anatomy of the proteins involved in the 
pathogenesis of these diseases, including the most re- 
cent discoveries. In the third, fourth and fifth chap- 
ters, the blistering diseases are presented. For each 
disorder, the format is first to describe the clinical 
picture and to outline new discoveries regarding dis- 
ease aetiology. The histopathology is then document- 
ed in detail, with particular reference to the various 
stages of the disease development, since this is vital in 
more accurately understanding the clinicopathologi- 
cal correlation. Finally, the recent discoveries in mo- 
lecular biology and molecular genetics are added to 
complete the reader's integrated knowledge of the 
specific blistering diseases. 

Although this book is a personal compilation that 
tries to combine clinical medicine, histopathology 
and molecular biology in a novel way, bringing it to 
publication has relied on the support and assistance 
of a number of other colleagues. 

Special thanks must be given to Mr. Neuse for 
taking the superb clinical photographs and for de- 
signing pages 1, 15 and 47. 1 am particularly grateful to 
Mrs. Winkler and Mrs. Moritz for their help with the 
histology slides and Mrs. Freudenberg for her assis- 
tance with electron microscopy images. 

Mosaad Megahed 
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Historiography 
of Blistering Diseases 



Blistering diseases are heterogeneous and include 
many diverse disorders. In the past they were consid- 
ered one disease and referred to as pemphigus or 
pompholyx [1-4]. Both terms are derived from the 
Greek where the former means blister and the latter 
means bubble [5]. Hippocrates was the first to use the 
word pemphigus [6], however, Francois Boissier de la 
Croix de Sauvages was the first to apply it to blister- 
ing diseases in 1731 [1, 7]. Figures 1 and 2 display pic- 
tures from old literature showing different blistering 
diseases diagnosed at that time as pompholyx or 



pemphigus. In the last 40 years, with the availability 
of new investigatory techniques and more sophisti- 
cated laboratory methods, enormous progress has 
been made in understanding these diseases. 

It is now known that blistering diseases are multi- 
ple distinct disorders with different aetiology and 
pathogenesis. 

One can divide the historiography of blistering 
diseases into four periods: the clinical, histological, 
immunological and molecular biological periods. 






' * * 



CCl|inirgtarI{f IstipfprliLfrUi 




Fig. 1 . A Copperplate of Bateman's work about the different forms of pompholyx which appeared arround 1 830 [2]. The term 
pompholyx was used in ancient times as a synonym for many blistering diseases. B A photograph of a clinical drawing from the 
work of Thomas Bateman showing a patient with tense blisters, erosions and crusts and diagnosed at that time as pompholyx. 
These lesions are most probably consistent with bullous pemphigoid or other subepidermal blistering diseases such as linear 
IgA disease or epidermolysis bullosa acquisita. Today the term pompholyx is reserved for acute vesicular eczema of the hands 
and feet 
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Fig. 2. A Wax moulage of a patient with blistering disease. It shows tense blisters of different size on normal and erythematous 
skin as well as erosions and crusts.This picture is from the Atlas der Hautkronkheiten by E. Jacobi in 1913 [3] and considered by 
him as pemphigus vulgaris. According to today's knowledge this patient most probably had bullous pemphigoid or linear IgA 
disease. B,C Photographs from the Atlas der Haut- and Geschlechtskrankheiten by Leopold Arzt and Josef Tappeiner in 1950 [4]. 
Their diagnosis at that time was pemphigus vulgaris.The patient in B most probably had linear IgA disease because the blisters 
are tense and some of them are sausage-like.The patient in C most likely had cicatricial pemphigoid 



The Clinical Period 



During the clinical period the diagnosis of blistering 
diseases was made mainly if not exclusively after 
clinical examination, and almost all blistering dis- 
eases were called pemphigus or pompholyx. Excep- 
tions were epidermolysis bullosa acquisita, dermati- 
tis herpetiformis, lichen planus pemphigoides, her- 
pes gestationis and epidermolysis bullosa heredi- 
taria. These diseases were considered from the begin- 
ning as separate entities. 

Epidermolysis bullosa acquisita was first described 
in 1896 by George Elliot in the Journal of Cutaneous 
Genitourinary Diseases [8] (Fig. 3 A). In this publica- 



tion Elliot provided the first histological description 
of epidermolysis bullosa acquisita (Fig. 3B). The first 
clinical picture for this disease was, however, given by 
Richard Kablitz in his thesis of 1904 [9] (Fig. 4). Der- 
matitis herpetiformis was first described in 1884 by 
Louis Adolphus Duhring in the Journal of the Ameri- 
can Medical Association [10] (Fig. 5). He considered it 
a separate entity because of the special arrangement 
of the eruptions. Lichen planus pemphigoides was re- 
ported in 1892 by Moritz Kaposi in Archives of Der- 
matology and Syphiology [11]. Herpes gestationis was 
first described by John Laws Milton in 1872 [12]. Epi- 
dermolysis bullosa hereditaria, which today repre- 
sents a heterogeneous group of diseases caused by 
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different molecular defects, was called hereditary 
pemphigus by Ferdinand von Hebra more than loo 
years ago [13]. Heinrich Kobner [14] and Francois Hen- 



ri Hallopeau [15], however, considered these diseases 
from the beginning as separate entities (Figs. 6, 7). 



TWO CASES OF EPIDERMOLYSIS BULLOSA. 

By GEORGE T. ELLIOT, M. D. 

. New York City. 

A 




Fig.3. The first publication of epidermolysis bullosa acquisita 
was by George Elliot (1 896) and appeared in the Journal of Cu- 
taneous Genitourinary Diseases [8]. A Photograph of the title of 
this work. B Photograph of a histological specimen of epider- 
molysis bullosa acquisita which also appeared in the same 
work. It shows a subepidermal blister with sparse dermal infil- 
trate. Currently, these changes are consonant with many 
subepidermal blistering diseases and alone are not enough to 
make an accurate diagnosis of a specific disease 
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Fig. 4. A The first clinical picture of epidermolysis bullosa acquisita.This picture appeared in the thesis of Richard Kablitz in 1 904 
[9]. B Photograph of the title page of the original thesis 
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DEBMATITIS HERPETIFORMIS. 



B¥ X,OU!S A. BUHRl^O, M.D., OF PKILAOELP-KIA, FA. 



Bddill the BeCliAfl On Fiticiicc of Mcakloe Ami MaIciia 
oi A me f lean Medical AvsoctAtion, Msijr, >£84. 



Ui:<ler the name Dermatitis Herpetiformis 1 pro- 
pose to place a number of cases of skin disease that 
I have encountered from lime to lime. These cases 
at present are for the most part nameless^ having 
been regarded and diagnosed^ either as jxxuliar man- 
ifestations of one or another of the commoner and 
wetl-known diseases* as eczema, herpes, or pemphigus* 
or, in some cases, as imdescribed diseases. From 
these remarks it will be inferred that the disease is 
rate* and such in a measure is the fact. At tl^e same 
time I have met with a sufficient number of cases 
during the last fifteen years, to warrant the view that 
the disease is worthy of a special description and a 
name. I first recognized the affection as being pe- 
culiar as far back as 1S71, but with the few cases 
observed at that time was at a loss to classify or to 
treat them satisfactorily. Since this date I liave en- 
countered a number of other cases illustratiug the 
same and other varieties of the disease, hi the first 
edition (1S77) of my Treatise on Skin Diseases, I 
made no allusion to the subject, for the reason ftut 
my mind was not clear as to the relation that the 
several cases I had encountered l>ore one to anotlrer, 
nor that they were really all merely different mani- 
festations of the same pathological process. In tlie 
light, however, of a number of marked cases that 
have now been under ol>servation for a period of 
years, and of others tliat liuve l>een more recently 
noted, the statement may be made that, dissimilar as 
they may in some cases at first siglu appear, iliey all 
represent varieties of one and the same disease, for 
which I projsose the name “dermatitis herpetifor- 
mis.” 



In the present communication attention wilt be di- 
rected to the principal features of the disease, de- 
scribing more particularly its symptoms and natural 
course. On another occasion cases illustrating the 
several varieties will be brought forward. 

It may be premised here that dermatitis herpeti- 
formis includes what Hebra' designated first herpes 



iWkrvcrJ//£f. fFpcAtascA. 
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i m |3c E ig i n i form is an cl a ft e rvrard s “ i mpet igo her pet i- 
formisj” that is to say, that the cases of Hebra 
constitute one of the varieties of the disease it is pro- 
jiosed to call dermatitis heri>etiformis, .And here it 
may be reiiuirketl that this name must not be con- 
founded with tlie “ dermatitis circumscripta herpeti- 
formis" of Neumann, a term" intro<iuced by this 
author a fevv years ago to designate lichen plan ns* 
which at that time he supposed to be an undescribed 
disease. It may be added that this term is now no 
longer used by Neumann. 

In the second edition of my Treatise on Skin Dis- 
eases (i88r) p. 276, under the title “imiietigo her- 
petiformis," will be found an abstract of Hebra's 
description of the disease he so named. 

His account may be summarized as follows : It is 

a rare and grave form of skin disease, of which, at 
the date of his report, be bad seen but five examples* 
four of which terminated fatally'. The disease is 
characterized by the formation of yellowish pustules. 

, arranged in groups or in an annular form, whidi tend 
to run together and to dry into yellowish, greenish, 
or brown isli crusts, beneath which a red, excoriated, 
moisl surface exists. On the periphery of the lesions 
and patclies new grou]>s and rings of pnsTnlcs form. 
The com'se of the disease was similar in every case. 
Each outbreak of pustules was preceded by malaise* 
chills, fever, aiul sy.stemic disturbance. '11 le ilisease 
occupied all regions, with [srefereucc for the anterior 
surface of the trunk and the fiexor surfaces of the 
thighs. 

Single cases, under different names*^ were Iwfore 
this date reported by Basrensprung,^ Neumann,* Atis- 
pitz,* and Oeber.® Heitzmann* has more recently 
also reported a case with tlie name impetigo Iierpeti, 
formis. As supplementary to Hebra*s description, I 
gave my own experience with hitherto imdescribed 
varieties of the disease in the following language : 
Within f}u last t€Pi )*£ay$ ! hatf^ /ram tm^ in t/nh' 
f/trt with casts^ aecurntig in bath sexu^ rcpMetiiin^ 
ather phases af the disease than luntafarc tkurihd. 
In Si>nu m$€S the teshw were vesknlar and bniknis t ' 
in others pustular; In still othn^Sf and In ihc majority 

'Wicinf JAv/. N*. 4&, iStsi The .’Uarth -.‘i. 

10^^: Atli> der Hautkninkheitcii. Hea i.v. THfchi tmd Wicii. 

?AilAii Uer lIatitkrAi>khcicen. TaJel 9. Derlin. iS<^7. 

^Lehrbiieh Jef HsttiikrAiiLheiien. 111. Wien, 1671, p, 17J. 

< ArcSiv Itlr Derm, wnij Syph.. 11. H^. p. 54 ^. 

K. K. Allg. Kratikeiiihauje(2u Wkn, Jalirf, 

^Arckn^t iy jfAiHixryf 

^ In 1 idir.iV fifth oiihi; tlic UVeaiCQ u-as cEiAiacicit^l by v«jiio 1 c« :iiul 
Llefe. from whicTt drciiiiKKiiice He was iiiflineil ti> pc^arxt Uic » 

varitty of herpes. tu»d dei^viiaied it *'herp« Impel Lfinironiitj./^ 

March 43. 1871. 



Fig. 5. Photograph of the title page of the first publication of dermatitis herpetiformis by Louis Adolphus Duhring which 
appeared in 1884 in the Journal of the American Medical Association [10] 
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n. Hereditaro Aulage sur Blasenbildimg 
CEpidenaaolysis bullosa hereditaria). 

A ns der Po)il:iiiiih 

VipU 

pjrof. KiibiiOr in Burliti. 

nc4>ba{;htnngeLi voii in Families verbreitet^r uiuii durcli Gciicja- 
tiuiioii liindiirch v^T<$Tbtcr i^eigLii^g itiir Hbs<!t]tilUluiig anf dcr ITanl 
tral $eit Kuraem bekanni goinac(>t wflrdftn. A. O^kldjf heiilo)-*) 
wc1cbi!r 1S8^ cine yoklie bci cinoia 22J;ibrigcn ^fiiskcticr $iali, 

ven tiessen Gcscliwisilcnij. Valcr usid Gras^^nnitter^ Sdwlo 
Ad. Valontin*) in IJeni, welclitir 1884 van 11, vicr attfeinaiider- 
folgfiiidcti Generatieirtcn einfir liamer Raii^rnfamhiu angclmri^eii Fh- 
iiillienmilglicdcrn, spedell etiiein IGjahrigan Knalicn dar viartan Gt^ 
naralian ansfubrlicli bcriddctc, hcbcii init lieclit Ucin'or, dass ihneii 
gleiehe TliaUaehan aua der LUeralur iiicliL bckai^ut £&ici:K Mil Rciek- 
^iehl bierauf n:iid b«i dem in die Aiigcn ^[irtngctiden i^racU^icheit 210 - 
wic iiielirfachen tlicoTclkelLcii Intevcs^ ino['cn dia iiaelifelgoiuli:;ii Falla 
ciiiar Fainilie aui Feudnm liicr pebHeirl warden, itJi iicnnnor 

1!^85 ill Tneine Pelikliiiik kaiu uiid in nlleii Stileken <lcii ebigcn HC' 
cUacliliingen^ nanidntlicl] denjenigen ValcivUu*», gleiclit. 

Am 1886 ci^chien j^nerat dor IfijiiliTlgie L. mil Bla- 

den 5 ni (leri FiissipUlen. Kacli seiuer Aiis^ge litt er an selchen Aus- 
brncliBn seit seiner KLiidlioil; sewip y.wci ifciner Brddcir» deren eincr 
liii lelzlen Deteber nn Scliarladi geslorben war; deck IraLcii sie Immcr 
11 ur vein Frulij&lit bis aum tlarb;«>t aiif^ imd £wnt Icdl^licli am F!i;<t£C^ 
(lies, sui der Fussaabic, dem anssei'cn Hand und der Feme, sswi^lien 
deti Zelmn und am Fus^itickeu), iuissjerdcin am Silife des Sti'iimpf- 
baiules mitcrlmlb deit Knieos., tiicmels an den lliinden oder setml we. 
Mnje L. ist blasf^ scUw^clilieh enlwiekeh, mil ^climalem, kanm einein 
Idjiibrigcn Knabcn entspredienden "nierax, 7.^rler, feltarmer Haul, schr 
schlnffer ^luyculalur mid consecntlivcr Sceliesc. Ansser an Mnjiorn bat 
er im 3. datirc cino Gebinieut^tiiidniig mid ini 7. Ueutji'jdins t'tbersitmideik 
Am ]L(i^ Juni fftlgte lUo SyiJilmge Mnttar, Kant’niami-ifran ,ln- 
Imiina L. mil ihrcm l-'/j Jahre alien, seinem Alter enUjineekend 
an^eLendeii, aber nueb blassen Sobne Harry 1.., der sail dem 

Lebensjalire eben seldie Blasen anf beiden FtimMi bekeinmt,. an 
denselben Blellen^ wie der HItere Binder, fenier umer dem eberlialli 
dea Kniees getragenen SlnuiipJbmid imd S'Hiuveileii ancli ant einein 
iiu'iiiipEg erlinbrnimi Kaevus piginciilasus a]i der luncnscMe dcsi Unken 
Unten^clicnkela naeh dein Ktiie, weklier die Form dtiea 8'/, em bulicii 
niid an der Basis 2 cm breiteii, gLticliMcbOiikligen Dreiecks init ab- 
gcruiidelen Ecketi bat. 

Ain Sil£ dcT Besenlriiger liaben. dicse beideii alleren Kiiabon 
{;£nin Untersebiede vpii dem Fallc Valentin's) niemaU Blascii be- 
kemmen. Ancli began i lcii diesel ben erst im iswcitcii f/ebeiisjahre, 
na cl ide m beide an ^elien anfiiigen. 

l>er dritUj im October an Seharlacli gestorbene Knabe, das Sllesto 
Kind ans der 2. Elio der Fran, bekam selion im orsten [^ben.^Jnhr m\ 
Bnntstellen, welclie eiiigewickelt wurden, beseiidcrs in der GeEiitecmnd' 
/allc, IBasen, an den Fussen erst, naebdem p.t laiifeii gdernt liatte. Bas 
Seliarlaclidc^r vferlief imr mit rollien Flecken, olmo dass es ^ur Fro- 
diielton itnet gckoiiiEitcn ware. Der 'J'yd erfalgte .iclion nacli vlerzdm 
'^agoii, naeli Kntstebung ciiies Druse tmiefcti±ises itiii Jlnlse. 

J)as jtingste Kind, tin viorjJiliriger Knabe, ist kriiftlg, kbbafl, 
mit gesnnder Qeslcbtsfsrhe iiiul liaite norli uieinals B la sen. 

Die flutter selbst, elno ^ioinlieU kr^ftig gebaute, gul gcniibrlo 
Fnin ist miUsr siebcii Geacbw Salem Ct^rei ilriideni und vicr Seb western) 
die einzige mit dieser AlTcdieii bekHtlete, aucli ilire KUerii mid Gross* 
ettern batten keSne sol die Blasenansbriiche. Audi ilirc heulen Gntteii 
liatlen nicmals solelie. IBlmepliilie mid aiidere lieredilUre Krankboilen sind 
nielit ill dcf Familic. Vi'eder die Fran nedi ibre Seline haben jc- 
iiials nn Urticaria, iiech an seiistigcii Aiigioiicuroscii gelUlen. Die 
limit der Frau, sewio dcr Kinder, fublt sidi normal an mid udicinL 
am ganzen K^rper nornnHil stii fiinetienircii. Sic bekeimnt, soweit slo 
sicli eriiiiicri, soil ihrem vierten J.ebensjaliro, libcraU wo Dr nek aiif 
ibre Haul einwirktj iiaiiiontSick an den Fussen, Liiitcr deiu Strumpf' 
baiiii nml ntiter dem Corset, gensu ciitsprechcnd dessen in der Taille 
einsebnoidonder Schniirlinie Blascn. 

Al$ Madehen beliani sie soLclie aiicb an den I linden bei w eib- 
lidieii Handarbeiteiu B. bdtn Slrniniirslrickcn ati den DricckslcUcii 
der Stricknaddnp Jct?t bait aie sidi desbalb von soldien Arbeiten 
fenij bilft sie aber cinmal in der Wirlbscbift mil, so bckonimt sie 
aucU jobit noeb dasdbst Blasen. 

‘) Uoiiuisb. r. pr. BiiLinalul. JSS2, ^^o■ l>. 

^ Uebor borodiCare Dcruiatitis builosn n, hcrodiiurcs nciites OeJeiii. Her- 
Jin, tlin. Wodipd&&u, Ko. 10, 



Din^selbeii cnlstebon naeb ihrer Angabe miter dem Corset so, 
dass, wxnii sie sieli cinigo Simide]i am Tago gejchmlrt bal, sie Abends 
qiueii roEbeti juL-kendeii StreitVii mnl am iiltcii^uni Jlorgen l;ings 
desseibon didilgeslol[te> kleinero mid grbssere Sfartbuivtige Iilas4>ii be* 
mei'kt. Dieso entleercn iliren was.wklarcn hdialx. imrlideiii sie bin,* 
mill 1 bis 2 Tagcti sidi starker gefi.il It, cnlwcilcr scllwil, odor Fat. 
stiebt aie am D.niii beilt dib B.-isis olme jNarben. An den Fuss-solt- 
len sind die Blaseiideektit dicker, plntzcu iiie von selbst; beim Fln- 
steelipn flieast der Inbalt nic ans, sender n isl lUeklicIi, etwa geleearlig. 
Nncli dem IGnsloebcn inlleii sleb Icizlere mit FiteY> wiilirctid ilie 
IM ascii am Fussrticken coMabircu nnd der illasengrmid ku eiiem be- 
ginnl Lind f^loicli jeiien ini meistens mir oberHiiebtkbt^n Ukeraiiimeii 
wirdp li] Fylgo salclier fnsl nnuiileirbreeiieLi einnnder rolgendor IMa- 
seii resp. dereii Ukcralioncii kann sie fast den ^^aiii^en Seninier litii- 
dnrcli niebl ansgeben, <lagcgon kami sie im Winier weito Wge macUea 
Triig sie aber beim Tansieii engo SehuJic, sa ersebieiien aiieb danu 
am Fussriieken In eincr l*iiiic elwas liinlcr der Basnllinle der Zedicii, 
welebe aneJi im Sonimer ilurdi den Druek ibrev l^aiitolfcUi gcw&lm- 
lieii orkrankt. Blase n, 

Kacii dcrmgiinzendeii splloren Anssage ilii-er M niter, einer nistigeii, 
TOjiil triton Fran, die weder speutan nocti anf vorgenommene Rcibiuig 
iLolcIm iiekammt, niusstc iliie Tedder vein U. Jabrft an W'egen des 
sdimerii^liaftcn .Anflrelens in Folge jeiier BdLat'lung im Sommer slels 
in die Selinie gotragCn wcrilen. WiSbrend dnos sebwcrvii Typlnia 
aber, ilmi sie vor 8 Jabrcti zugkicU nnt dem ersigoimmiten l.ij“dmgen 
Sobne durdimadEte, blicb sie frei dai yn. Die Xcigniig daxu soil seit 
der ^LadciLCiiifcit sidi niclit verringert babeiii — 

itiyb nimi wabrciid eUva 8 "^linnten SHtnii lien Fiis.’^rdekeii der 
Bnlicntin mil dem Dnniiioi, sc roUtete sLib die liant glcidmia^sig im 
entspredienden Umfenge, die Epidermis slic5i5 sieb aber nnr im liii- 
faiigc eon 2 rm l.^nge nnd 1 ein Bneile ab, and ibis Rctc ^lalpigbii 
lag blosSp Die Fat. gab dieses Bild als gleieJi demjctiigeii nacb spoil* 
taiier Abslussuiig oder iincli Abkapputig eimn- Ibnseiidec'kft an, Ancli 
foigte liirer \'oransiinge geiiiiiss an dtesci Stclle obcrdaebliclic la tern ng. 

Bci dem l.'i jStlirigon Sob no ctilsuunicn miler saLifteui Itcibeii ain 
Fussrneken , das ctwa 5 Miiuiten forlgesetat wtirde, 2 iHilinciigrosse 
niL^emle Sty! leu von gleiclicin Ansselin wio bei der Matter imd eiiie 
annabemd '20 Freimigstilckgrossc Blase mil sf blatter vimnliger Deckc, 
naeli deieii Aiistecbeii klara Lymplie anslls/ss nnd cin iiiebl ge- 
ibUietor, rijisscndcr, nocli mil Kpilhe! ]>oileckiiir Boden ^^ 1 l 'I’age Iral. 
Die Blithe nni die Blase bcTiiiii, vlio auC dor gaimen lleibmig.sllnebe 
seinvand wembeli raseli. Die Kinder mid die Fran scbniizen nic Lit 
iibcrmiissig, slocli worden eIic Striiin[ife im Sommer stela fcuclit. 

An nicbrcrcn mil dem Fingornagol am Ruykeii mad dvr BnaaL 
des ^1 teste 11 Kiiaben gezogenen Slricben bildeten ,sicli rntbp, uiassiges 
Brciinen vcrnrsacbcnde SticLrcii; die Drncksiricbe selbst blkben blns,^ 
mid ci'boJKsn deb nnr weiiig. Da* Gauze glidi kciiicswegs eincr Utli- 
cjirki Del: ilia, Anf versnfbsweisc kraftige Keibuiig oiif ilym Ibickcn 
wHliroiul 4 bis 6 Miniitcn cntstnnd nnr inteimive Kutlie, aber koine 
Abstes^ung, iiocli blasigc Abbebimg der Epidermis ► 

Die mifcrti&kopiseiic 1) liters m ini ng tier nbgeknppioii Blaaendockc 
zcigl imter dem nounnlon Stmtiiiii coniemii in zieniUcLier Dickc oiiic 
lieilti! voii Xclbelncliteii, die gaiiA iiormAlc Vorlt^ltnisse, besyndern 
iiormalo, durcii Bistmtrkbimnn OLler (katmin ttef gefarkto Kemo anf- 
weistn nnd bia iu die SdiiciiL der Slaclidiellen liineiiircidieii. 

Ef 1st weld }^icmlirb evident, da^ss wir es in nil oil iMcson Fallon 
mit dner angeborenen .A id age der IbLit sclWl, be£icliiLn;.*swd!jo dcr 
Kpidt>rmis, m tlinii liabcai, vcrinogo welobor cine rronmiiig {ler wei- 
eberen, juiigoron ScbicUUii dcr IcLztereai imter linsscren nicelaaialsdicu 
Scliadlidikciten, namentlidi Drin;k, uiit nadifolgeuder Bxsiidaliyii viel 
Idclilcr als bei cinem ge,^nnden llanloirgmi eiiilritl, bci wde1iei:ii, wic 
solion ValciiLiii aidreft'eiid peiwllolisiit bat, Blascn an diizobima Tlici- 
Icn erst diirdi \icl iSuger eiiiwiikendeii nnd vici sBIrkereii Drtick, vdo 
beim Undeni, Graben und midcrcvt imgevvobnien ArbcLieu erzengt wer- 
den kdunen. 

Dicisc gcriiigere \Vi<ler,staiidsfdUigkeil der rianl suclicn ivir mit 
Gold jolioidcr, wddicr Hen gleicbcu bisfolod^cben Beumd hatte, 
wic wir, wcsciitltcli in ciner nusgeaprecben ItorcdilSren resp. congcnilalon, 
nlmorm IciditcnbiiAlidikeitdcr StsicboIzcUeiiidiicbt, inneiljalb oder mi <ler 
cbercii Grenze, an woldier Elie'^J'romiiiiig orfolgte, so wir iiidieseiiV'iil- 
leii diicii Typus derjenigen BtaseiibilflEmg vor mas scbeii, wek lie Auspilif 
ak „aknhtbelylisebe" £Utn Uiilci'scbied vmi den ontiELlndlicboii Blascn 
bezeidmot bat. Gcgen dies.c ktztere Andai^smig, wclcJio in dcr vou 
iiLcincRi gcgeliokten Frenndc A. Valentin gevvHlillcii Bcj^ddinmig ; 
Hcrcdilitre DennntUis bnllesn ilircn Aiisilruck fliLilct, .sclioiiit mir ersteiis 
der unter ineiuen Augen bcrvorgdrcteiie Vorgang dcr leichten Ab* 
&tcssiiiigsl^lngkdt dcr ybcrduelilicbciL Kpidemiissclnelitcn scwle dor 
Blaseiibildmag scibst m spredien, bci wclcbor Unssenit l asdi nacli dcr 



Fig. 6. Photograph of the first page of the original work of Heinrich Kobner about epidermolysis bullosa hereditaria which was 
published in 1886 in the Deutsche Medicinische Wochenschrift [14]. Kobner considered these diseases from the outset as sepa- 
rate entities and different from pemphigus 
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Chapter 1 



Historiography of Blistering Diseases 



TRAVAUX ORIGtNAUX 



NOU TELLS NOtS 

SUR LA OERMATOSE BULLEUSE HI?;ReDlTAIRE 
ET TRAUMATIQUE 

P(tr Hh Hidl«p«jiu. 

CoLic dcrmatOES pcul so prdsentor^ I'obscrvotLon sous dos formes 
diverges ; rime d'elbSi qui paraU avoir obscrv^^ prosquo exclusive'' 

mcnt en AUcmogno, a Otd d^crite, d^abordpiir Goldsdioidor (1)^ puis 
par Yelonliii (2) ol par Joseph (3) sous lo iiom hdrddi- 

iaine A la formation do buHcs ; plus tard^ Bluitier (4]^ dans une 
fensarquahle dhido, y a ajout^ la qualificatian de (rAum^figuo ; 
partant d iddes tbdoriquos^ Koeboop (b) a ddiiomtod cstto forme 
^idermof]/$e bu.j/eti$o hdrdditaire ; plus r^cumieut Lesser (6)^, 
Boea|uti, Wedi^elmaDn (7)^ HofFm&Dii (@), Elltot (9), et Grunfeid(lO) 
iTL out fait coaualtre de oouveaux caa sous cette mdme dtiqueite^ uae 
Otra forms a did dtudide par uous-iu4ino (11) sous le nom de dor- 
mafose buffeusc at»;o oioa^ rices inddfdbifest hys^es 

dpidermigues et manifestations buoeaies ; on peut en rapprooher 
le fait de Yldal (12) comnnuniqud en h. k reunion dcs mddsdiis 
de rh^pital SainLLouis sous le titre do fdsiofis trophiqiios d'oripine 
oon^onilak Atnarohe progre$$ivOf ei TioAfi/ose k poussdes 
ses de Besuier (13) ; ajoufoiis que Brocq (14) a appliqui Le nom de 
ptmphigus successif A hastes ^iciermigues kla m4ms maladie et 
ion aura une id^e do la contusion que peuveat eairalner des d^ao- 
Lminationa aussi multi pUdea et ausai dLvereea. 

{li GoLDBcusTDEa, MwUlt, /- pT^sH. 3frmai.^ JW2. 

(11 V^EHTJK. Berlin, 

MiHuUtL/, praki. Ihrmot.^ I&3e. 

(4|i BteuaR. 1392. 

(Sji KfRsi^KR. Dnstseht meJtff. 1333, 

(B) Lsqsik. Jjvkr /. Ihmr, Brs^Mngthsf^i 163S. 

Cl) WBimsilJi^U. WoeJtmtB\„ 1893, 

<9) HD7FU44nr, *wl, WfvKeiwih., iSflS. 

(A IlAIOf, ^ A, wrui. di*eotdt, 1303.^ 

OA <*BirKVELi). Put9\r{ft V. Pieht 1S9S. 

ftl) E. HaliiOpuii. jlibw d* 1390 «t 1$S3. 

jpA TlDaL- B^aloii del u^edtut da S^t-Loiuj^ 1339, 

S h Biskibb, Ibid. 

i) BbjOO^ f)^aiiiMgn£ dit nulL di la peatf, 1|90. 

USf, SUUT. — I* T. ix. 46 



Fig. 7. Photograph of the first page of the original work of 
Francois Henri Hallopeau about epidermolysis bullosa hered- 
itaria. This work was published in 1898 in the Annals of Derma- 
tology and Syphiology [15]. Like Kobner, Hallopeau considered 
these diseases as separate entities and different from pemphi- 
gus 



The Histological Period 



The work of Walter Lever published in 1953 [16] could 
be considered as the beginning of the histological pe- 
riod. In this work he differentiated for the first time 
between pemphigus vulgaris and bullous pemphigoid 
both histopathologically and clinically. He recognised 
pemphigus vulgaris as an intraepidermal acantholyt- 
ic blistering disease that usually ends fatally, and bul- 
lous pemphigoid as a subepidermal blistering disease 
with a comparatively good prognosis. Before 1953 
Lever, like many others, believed that the blisters in 
pemphigus vulgaris may be present in subepidermal 
or intraepidermal locations [17] (Figs. 8, 9). 

In this context one should mention the histologi- 
cal work of Civatte, the work of Lapiere and his col- 
leagues van Runckelen and Dussart and the work of 
Cordero which were published in the years 1943, 1946 
and 1947, respectively [18-20]. These works stressed 
that the blister in pemphigus is intraepidermal and 
has characteristic histological features. Their works 
were the stimulus for Lever to review all the histolog- 
ical sections from patients with pemphigus obtained 
at the Massachusettes General Hospital since 1936 
and to report his excellent observations. In the work 
of Civatte [18], he attributed the blister formation to 
loss of the coherence between the epidermal cells, a 
process he referred to as acantholysis. The term acan- 
tholysis, however, was first introduced by Heinrich 
Auspitz who was the first to describe the histopathol- 
ogy of pemphigus and to consider that loss of cohe- 
sion between epidermal cells is responsible for blister 
formation in pemphigus [21, 22]. 

Lever continued his histological observations and in 
1979 he classified pemphigus into two groups depend- 
ing on the level of the acantholytic blister [23]. Pemphi- 
gus vulgaris and its variant pemphigus vegetans were 
characterized by suprabasilar acantholysis. Pemphigus 
foliaceus and its variant pemphigus erythematosus 
represented the second group and were characterised 
by an acantholytic blister in the granular layer. 

In the frame of the histological period it is worth- 
while mentioning the work of Arnauld Tzanck which 
was published in 1948 in the journal Annals of Der- 
matology and Syphiology (Fig. 10) [24]. In this work 
he showed that pemphigus could be cytologically dif- 
ferentiated from other bullous diseases by the pres- 
ence of acantholytic keratinocytes on scraping the 
fioor of the blister. However, it is now known that this 
test is not specific and acantholytic keratinocytes can 
be seen in other diseases like impetigo or benign fa- 
milial chronic pemphigus (Hailey-Hailey disease). 
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Fig. 8. A photograph from the book 
Histopathology of the skin published by 
Walter Lever in 1949 [17]. It shows a 
subepidermal blister which was consid- 
ered by Lever at that time as pemphigus 
vulgaris 




Fig. 23, Pemphigus vulgaris. A large suhcpidcrmal bulla is shown. 
On ihc left one can observe that the acciimulnted blister fluid pushes 
the intact epidermis olT its dermal moorings. The bulla contains a 
net of fibrin but only tew inflammatory cells. The upper corium 
shows edema with very little inflammatory Infiltraie. (XlOO) 



Fig. 9. The histopathological description 
of pemphigus vulgaris as it appeared in 
Lever's book Histopathology of the skin 
which was published in 1949 [17], He be- 
lieved at that time like many others that 
the blister In pemphigus vulgaris may be 
present in intraepidermal or subepider- 
mal location 



Femphigus: 67 

Pemphigus Vulgaris. The vc^ides and bullae are found usually in sub- 
cpidcrmah but occasionally in mtra-epidermah location. Whether they take 
their origin within or beneath the epidermis is not decided. Kuhn and 
Iverson state that the earliest changes occur in the loxvcr cells of the stratum 
malpighil In the form of an intracellular edema of squamous cells and that 
early vesicles and bullae are located intra-epidermally. On the other hand, 
McCardle, Baumberger and Herold believe that all vesicles and bullae in 
pemphigus vulgaris form subepidermally. They state that intra-epidermal 
bullae on serial sections arc seen to lead into larger subepidermal bullae and 
represent secondarily developed inroads into the epidermis. The occasional 
presence of basal cells at the floor of bullae is explained by them as due to 
regeneration. According to these authors^ the bullae start as small vacuoles in 
the corium immediately below the basabccll layer. The accumulated blister 
fluid pushes the intact epidermis off its dermal moorings and causes sec- 
ondary rifts between the squamous cells. It is probable that the vesicles and 
bullae of pemphigus can arise intra-epidermally as well as subepidermally 

In an early lesion the bulla contains only few cells. The upper corium 
presents marked edema but little or no inflammatory reaction (Fig. 23). 
After a few days^ however^ the number of cells within the bulla and in the 
corium may be considerable. The majority of cells are neutrophils and 
lymphocytes, although a considerable proportion of eosinophils may be pres- 
ent. In severe cases there may be extensive detachment of the epidermis with- 
out formation of bullae. In areas in which the epidermis has become detached, 
the cellular infiltrate may be granulomatous in appearance because of the 
presence of numerous dilated vesseb and a dense infiltrate containing many 
plasma cells (Lane and Lambert). 
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TRAVAUX ORIGINAUX 



LE CYTODIAGNOSTIC IMMEDIAT 
EN DERMATOLOGIE 

Pill' A. TZAMCK 

iivM la rnllahoration de POURGEOIS-GAVAUDIN cl l\. AKON-BlUiNKTlKUE 




Fig. 10. A Photograph of the title of the original workofArnauldTzanck which was published in 1948 in the journal Ann Derma- 
tolSyph [24]. B Photograph of the first Tzanck test as it appeared in Tzanck's work 
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The Immunological Period 



In 1964 Ernst Beutner and Robert Jordon discovered 
using the indirect immunofluorescence technique 
the presence of circulating antibodies against the cell 
surface of keratinocytes in the sera of patients with 
pemphigus vulgaris [25] (Fig. 11 A). This discovery 
began the immunological period of blistering dis- 
eases and revolutionised understanding of pemphi- 
gus vulgaris as a tissue-speciflc autoimmune disor- 
der of the skin and mucosa. Three years later the 
same authors together with Ernst Witebsky, George 
Blumental, William Hale and Walter Lever discovered 



the presence of basement membrane zone antibodies 
in the sera of patients with bullous pemphigoid [26] 
(Fig. 11 B). These works led to the discovery of autoan- 
tibodies in other blistering diseases. In addition to 
immunofluorescence other new techniques were de- 
veloped and used. These included immunoelectron 
microscopy, Western blot analysis and immunopre- 
cipitation. The use of immunoelectron microscopy 
allowed the exact localisation of the auto antigens in 
many autoimmune blistering disorders [27, 28] . West- 
ern blot analysis and immunoprecipitation allowed 
characterisation of the autoantigens based on their 
molecular masses [29]. 



Demonstration of Skin Antibodies in Sera of Pemphigus Vulgaris 
Patients by Indirect Immunofluorescent Staining.* (29622) 

E. H. Beutner and R. E. Jordon 

State University of New York at BuffalOj Schools of Medicine and Dentistryj BuffalOf AL F. 

Basement Zone Antibodies in 
Bullous Pemphigoid 

Robert E. Jordon, MD, Ernest H. Beutner, PhD, Ernest Witebsky, MD, 
George Blumental, MD, William L. Hale. M. l, and Walter E. Lever, MD 



Fig. 11. Photographs of the titles of two important works in the branch of blistering diseases. A The discovery of circulating an- 
tibodies against proteins of the cell surface of keratinocytes in the sera of patients with pemphigus vulgaris.This work was pub- 
lished 1 964 in Pro Soc Exp Bio Med [24]. B The discovery of circulating antibodies against proteins of the basement membrane 
zone in the sera of patients with bullous pemphigoid which was published in 1967 in the Journal of the American Medical Asso- 
ciation [25] 
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The Molecular Biological Period 



The molecular biological period was started by the 
successful cloning of the genes encoding for the au- 
toantigens of bullous pemphigoid [30,31] and epider- 
molysis bullosa acquisita [32]. 

Cloning these genes revealed their nucleotide se- 
quences which led later to clarifying their structures 
and their intron-exon borders. Consequently, it was 
possible to designate a mutation detection strategy 
and to apply it to patients with epidermolysis bullosa 
hereditaria. The results of these studies showed that 
type VII collagen and bullous pemphigoid antigen 2 
in addition to other proteins of the cutaneous base- 
ment membrane zone are mutated in these patients 
and the cause of these genodermatoses, which was un- 
known and mysterious was explained for the first 
time [33, 34] . Identification of mutations in these pa- 
tients has enabled a DNA-based prenatal diagnosis of 
these diseases during the first trimester of gestation 



[34]. Furthermore, it makes a preimplantation diag- 
nosis possible and provides the foundation for the de- 
velopment of gene therapy. 

Another impressive development in the study 
of the bullous diseases and their autoantigens was 
transgenic and knockout mice which in addition to 
supplying animal models, provided direct evidence 
about the function of the manipulated gene [35]. 

Advances in molecular biological research of bul- 
lous diseases are progressing rapidly and many new 
related genes have been cloned and characterised. 
This continuously increases understanding of these 
diseases and will surely help improve the therapeutic 
possibilities. 

The future will show whether the molecular bio- 
logical period will be the last station in the historiog- 
raphy of bullous diseases or if a new period will fol- 
low. 

Figure 12 displays the different periods in the 
historiography of blistering diseases as a family 
tree. 
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Fig. 1 2. The different periods in the historiography of blistering diseases displayed as a family tree.The first period was the clin- 
ical period. At this time almost all blistering diseases were called pemphigus or pompholyx. Some diseases (epidermolysis bul- 
losa acquisita, dermatitis herpetiformis, herpes gestationis, lichen planus pemphigoides and epidermolysis bullosa hereditaria) 
were, however, considered from the start as separate entities.The second period is the histological one which began in 1953 
based on the work of Walter Lever in which he differentiated between pemphigus and bullous pemphigoid and divided pem- 
phigus into pemphigus vulgaris and foliaceus.The third period is the immunological period which was initiated in 1 965 by Ernst 
Beutner and Robert Jordon who discovered the presence of circulating autoantibodies in the sera of patients with pemphigus 
vulgaris.This discovery opened the way for discovering circulating autoantibodies in many others blistering diseases. In this pe- 
riod the molecular size of many autoantigens as well as their exact location were also determined via Western blot and immu- 
noelectron microscopy examinations.The fourth and present period in the historiography of blistering diseases is the molecu- 
lar biological period, which was started by cloning the genes encoding for bullous pemphigoid antigens 1 and 2 in addition to 
type VII collagen 
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The skin is the largest organ system of the body and 
consists of two layers; epidermis and dermis. The epi- 
dermis is a continuously renewing stratified squa- 
mous epithelium and is mainly composed of ker- 
atinocytes. Keratinocytes are ectodermally derived 
cells and are organised in four distinct layers that 
represent different stages of differentiation [36, 37]. 
These are: basal cell layer, stratum spinosum, stratum 
granulosum and stratum corneum (Fig. 13). Ker- 
atinocytes contain keratin intermediate filaments 
(KIF) in their cytoplasm and are attached to each 
other in part by means of highly complicated struc- 
tures called desmosomes. Desmosomes have several 
protein constituents that interact with each other and 
with KIF mediating strong adhesion between the 
keratinocytes and conferring structural continuity 
and tensile strength on the entire epidermis [38, 39]. 
Mutations of KIF proteins or interference with the 



Ultrastructure 
and Molecular Anatomy 
of Desmosomes 
and the Cutaneous 
Basement Membrane Zone 



proper functions of desmosomal proteins due to mu- 
tations or via circulating autoantibodies or disturbed 
intercellular calcium homeostasis [40-43] will per- 
turb keratinocytes adhesion and result in intraepi- 
dermal blistering diseases. 

The epidermis binds to the dermis through the 
basement membrane (BM) zone which is a complex 
network of interconnecting proteins located at the 
dermal- epidermal junction (DEJ) [44, 45]. Malfunc- 
tion of these proteins due to mutations [46] or circu- 
lating autoantibodies [47] leads to loss of tissue adhe- 
sion at the DEJ causing subepidermal blistering dis- 
eases. 

To be able to understand blistering diseases, their 
histology and diagnostics it is therefore necessary to 
know something about the ultrastructure and the 
molecular anatomy of desmosomes, the BM zone and 
KIF. 



Fig. 13. Normal human skin stained with 
hematoxylin and eosin (H&E). It consists of 
two layers; the epidermis and the dermis. 
The epidermis is mainly composed of ker- 
atinocytes which are organized in four lay- 
ers: basal cell layer, stratum spinosum, stra- 
tum granulosum and stratum corneum. 
Melanocytes (M) are residing at intervals 
among the keratinocytes of the basal cell 
layer 




Epidermis 
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Ultrastructure and Molecular Anatomy 
of Desmosomes 



Desmosomes are intercellular adhesion junctions 
which function in cell-cell adhesion and act as spe- 
cific cell surface attachment sites for intermediate 
filaments [38, 39, 48, 49]. They also participate in 
signal transduction and cell differentiation. Desmo- 
somes are found in epithelia, cardiac muscles, 
meningeal cells and dendritic reticulum cells of 
lymphatic follicles. Desmosomes of the human skin 
shall be focussed on here. These are disc-like struc- 
tures at which the plasma membranes of two adja- 
cent keratinocytes attach (Fig. 14). They are less 
than 1 pm in diameter and are divided ultrastruc- 



turally into the following descriptive zones [50, 51] 
(Fig. 15): 

1 . Desmosomal plaques: electron dense cytoplasmic 
plaques of 14-20 nm seated on the plasma mem- 
brane of the keratinocytes. Desmosomal plaques 
give attachment to KIR 

2 . Desmoglea: dense intercellular material of 20-30 
nm which in cross-sections often reveals midplate 
and lateral threads. 

Biochemically and molecular biologically the follow- 
ing desmosomal proteins have been identified and 
characterized: desmogleins [41, 52, 53, 53a], desmo- 
collins [54-56], plakoglobin [57], desmoplakins [58, 
59],plakophilins [60-65], envoplakin [66],periplakin 
[67] and plectin [68]. 




Fig.14. Ultrastructure of two adjacent keratinocytes {K) connected to each other by several desmosomes {Des).PM plasma 
membrane of keratinocyte,Me/ melanosomes, N nucleus 
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Fig. 15. Detailed ultrastructure of the desmosomes of the skin. 
D desmoglea, DP desmosomal plaque, K keratinocyte, KIF ker- 
atin intermediate filaments, PM plasma membrane of ker- 
atinocyte 



Desmogleins 

Desmogleins (Dsgs) are transmembrane glycopro- 
teins that belong to the cadherin superfamily of 
cell-cell adhesion molecules and mediate calcium- 
dependent homophilic adhesion between the neigh- 
bouring keratinocytes [69]. Four isoforms of 
desmogleins (Dsgi [52],Dsg2 [53],Dsg3 [41] andDsg4 
[53a, 53b]) have been isolated. These are products of 
four different genes which are located on chromo- 
some 18 [70]. 

Dsgi and Dsg3 are confined to stratified squamous 
epithelia [71] except for the cornea [72]. In the con- 
junctival epithelia Dsgi is absent but Dsg3 is present 
[72]. Dsgi has a molecular weight of 160 kDa and is 
the autoantigen of pemphigus foliaceous [73]. It also 
represents one of the target antigens of mucocuta- 
neous pemphigus vulgaris [73a] and paraneopastic 
pemphigus [73b]. In the epidermis, it is mainly ex- 
pressed in the stratum granulosum and upper layers 
of the stratum spinosum [71] corresponding well to 
the site of blister formation in pemphigus foliaceous. 
Mutation of the gene coding for Dsgi was recently re- 
ported to cause striate palmoplantar keratoderma I 



(SPPKi) [74], an autosomal dominantly inherited 
skin disease characterised by focal hyperkeratosis on 
palms and soles [75] (OMIM 148700). Dsg3 has a mo- 
lecular weight of 130 kDa and is the autoantigen of 
pemphigus vulgaris [41]. Dsg3 is also one of the tar- 
get autoantigens of paraneopastic pemphigus [75a] 
Its expression in the epidermis was found to be main- 
ly confined to basal and lower suprabasal layers [76] 
where the blisters form in pemphigus vulgaris. In 
neonate epidermis and in the oral mucosa of adults 
Dsg3 is present throughout the entire thickness [77]. 

Dsg2 (116 kDa) is ubiquitous in all desmosome- 
containing tissues including corneal and conjuncti- 
val epithelia [53, 71, 72]. In the epithelia its expression 
is restricted to basal layers. 

Dsg4 was shortly identified and is expressed in the 
skin, salivary gland, testis and prostate [53a, 53b] In 
the skin, Dsg4 is localized to the hair follicles and 
suprabasal layers of the epidermis [53a]. In the hair 
follicles it is expressed extensively throughout the 
matrix, precortex and inner root sheath. Dsgq was 
found to be mutated in patients with localized auto- 
somal recessive hypotrichosis (OMIM 607892) [53a]. 
Moreover bacterial recombinant Dsgq fusion protein 
reacted postively with sera of two patients with pem- 
phigus vulgaris [53a]. 



Desmocollins 

Desmocollins (Dscs) are transmembrane glycopro- 
teins that like Dsgs belong to the cadherin superfam- 
ily of cell-cell adhesion molecules and mediate calci- 
um-dependent homophilic adhesion between neigh- 
bouring keratinocytes [69]. Three isoforms of 
desmocollins (Dsci [54], Dsc2 [55] and Dsc3 [56]) 
have been identified. These are products of three dif- 
ferent genes assigned to chromosome 18 [78]. Dscs 
exhibit size heterogenecity due to alternative splic- 
ing. Thus, each isoform exists as a longer (a) and a 
shorter (b) form. Dsci is restricted to the granular 
and upper spinous layer of the epidermis [56, 79] and 
was recently found to serve as an auto antigen for the 
subcorneal pustular dermatosis type of IgA pemphi- 
gus [80]. Dsc2 is present in all desmosome-contain- 
ing tissues and its expression is confined to the basal 
layers [81]. Dsc3 is only expressed in desmosomes of 
basal and lower suprabasal layers of stratified squa- 
mous epithelia [56, 82]. It is also expressed in the con- 
junctiva but absent from the cornea [72]. In Figure 16, 
the distribution of desmogleins and desmocollins in 
the human epidermis is diagrammatically presented. 
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Dscs and Dsgs consist of three main domains: 
cytoplasmic, transmembrane and extracellular [69] 
(Fig. 17). The extracellular domains are located in the 
desmoglea where they homophilically adhere to their 
opposite counterparts. The cytoplasmic domains are 
located in the desmosomal plaque. In the desmoso- 
mal plaque the cytoplasmic domains of Dsgs and the 
V forms of Dscs interact with plakoglobin [39]. 




Fig. 1 6. Diagrammatic presentation of the distribution of desmogleins in human epidermis. Dsg2 and Dsc2 are exclusively pres- 
ent in the basal cell layer. Dsgl and Dscl are mainly expressed in the stratum granulosum and the upper part of the stratum 
spinosum. Their expressions decrease towards the basal cell layer. Dsg3 and Dsc3 show the reciprocal pattern. They are mainly 
present in basal cell layer and lower part of the stratum spinosum. Their expression decreases suprabasally. For details and ref- 
erences see the text 
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Fig. 1 7. Simplified diagrammatic presentation of desmosomal cadherins structure (desmogleins and desmocollins) as suggest- 
ed by their deduced amino acid sequences [41,52-56]. As shown, these proteins consist of three main domains: cytoplasmic, 
transmembrane (7) and extracellular. The extracellular domain contains Ca^+-binding sites and adheres homophilically with its 
opposite counterpart. The cytoplasmic domains of desmogleins and the a forms of desmocollins have intercellular catenin- 
binding site segment {ICS) which serves as a binding-site for plakoglobin.The b forms of desmocollins lack the ICS and are there- 
fore unable to bind plakoglobin [39]. El -E4 extracellular repeating elements, EA extracellular anchoring domain, lA intracellular 
anchoring domain, PRL proline rich linker, RUD repetitive unit domain, DTD desmoglein terminal domain, PM plasma mem- 
brane of keratinocyte. For details and references see the text 
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Plakoglobin 

Plakoglobin is an 83-kDa desmosomal plaque protein 
[57]. It belongs to armadillo protein family which is 
defined by the occurrence of a variable number 
of, “arm- repeats“, (so-called after the protein encod- 
ed by the armadillo gene of Drosophila melanogaster) 
[83]. Plakoglobin is ubiquitous in all desmosomes 
and is also present in the adherens junctions [57, 84]. 
Recent studies have shown that a mutation in plako- 
globin gene causes Naxos disease [85], an autosomal 
recessive disorder first reported in families on the 
Greek island of Naxos, that comprises a triad of ar- 
rhythmogenic right venticular cardiomyopathy, pal- 
moplantar keratoderma and woolly hair [86] (OMIM 
601214). 

Plakoglobin gene was assigned to chromosome 
I7q2i [87]. 

Figure 18 presents a simplified diagramme of the 
molecular structure of plakoglobin. 
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Desmoplakins 

Desmoplakins belong to plakin protein family which 
also includes envoplakin, periplakin, plectin and bul- 
lous pemphigoid antigen 1 [67, 88]. These proteins 
have a similar overall structure where they consist of 
three domains; a central coiled-coil rod domain, and 
two globular carboxy- (C) and amino- (N) terminal 
domains. There are two desmoplakins, desmoplakin I 
(250 kDa) and desmoplakin II (215 kDa) [58,59]. They 
are splice products of a single gene which is located 
on chromosome 6p24 [89]. Desmoplakin I is ubiqui- 
tous in all desmosomes containing tissues, including 
cardiac muscle [90]. Desmoplakin II is present in sev- 
eral stratified epithelia but is not expressed in cardiac 
muscle [90]. 

Desmoplakins interact with KIF and plakoglobin. 
They therefore mediate connections between desmo- 
somal cadherins (via plakoglobin) and KIF [39]. 
Desmoplakin I and desmoplakin II were found to 
serve as autoantigens for paraneoplastic pemphigus 
[91]. Recent studies have also shown that desmo- 
plakin I haploinsufficiency causes striate palmoplan- 
tar keratoderma II (SPPK2) [92], an autosomal dom- 
inant palmoplantar keratoderma characterised by a 
linear and focal hyperkeratosis of palms and soles 
(OMIM 125647). Recessive mutation in desmoplakin I 
was also reported to cause dilated cardiomyopathy, 
woolly hair and keratoderma [93] (OMIM 605676). 

Figure 19 displays a simplified diagramme of the 
molecular structure of desmoplakins. 




Fig. 18. Simplified diagrammatic presentation of the molecular structure of plakoglobin based on the deduced amino acid se- 
quence [53,84]. It consists of 1 3 central arm repeat regions flanked by amino- and carboxy-terminal domains 
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Fig. 19. Simplified diagrammatic presentation of molecular structure of desmoplakin based on its deduced amino acid se- 
quence [58,59]. It consists of a central coiled-coil rod domain which is flanked by amino- and carboxy-terminal globular do- 
mains.The carboxy-terminal domain gives binding to KIF and contains homology units A, Band Cin addition to GSRS repeats. 
The amino-terminal domain contains predicted a helical bundles (designated NN,Z, Y,X, W, V) and gives binding to plakoglo- 
bin, plakophilin 1 and desmocollin 1 a. For details and references see the text 



Plakophilins 

Plakophilins such as plakoglobin belong to armadillo 
protein family [83]. Four plakophilins have been hith- 
erto isolated (plakophilini 75 kDa, plakophilini 100 
kDa, plakophilin3 85 kDa and plakophilin4 155 kDa) 
[60-65]. Plakophilins are dual function proteins that 
are present in cytoplasms and nuclei of keratinocytes 
and some other epithelial cells. In the cytoplasm they 
assemble with other proteins to form the desmoso- 
mal plaque. Plakophilini and plakophilini are prod- 
ucts of two separate genes and each has two splice 
forms, a and b. Mutation of plakophilin 1 was recent- 
ly reported in a patient with ectodermal dysplasia/ 
skin fragility syndrome [40]. The genes of plako- 
philini, 2, 3 and 4 are mapped to Chr.iq32 [94, 95], 
Chr.i2pi3 [95], Chr.iipi5 [95] and Chr.2q23-q3i [65], 
respectively. Figure 20 displays a simplified diagram- 
matic presentation of the molecular structure of 
plakophilins. 



Envoplakin and Periplakin 

Envoplakin [66] (210 kDa) and periplakin [67,96] (195 
kDa) are members of plakin family. Both are present 
in the desmosomal plaques of the skin as well as the 
cornified cell envelope (a 15 -nm thick highly insoluble 
structure formed on the inner surface of the plasma 
membrane of keratinocytes in the stratum corneum) 
[66, 67]. Both proteins were found to serve as au- 
toantigens of paraneoplastic pemphigus [97-97C]. 



Periplakin gene is mapped to Chr. i6pi3 [96] and 
envoplakin gene to Chr. I7q25 [98]. 

In Figure 21 the molecular structures of envoplakin 
and periplakin are diagrammatically presented. 



Plectin 

Plectin is a constituent of desmosomes and hemi- 
desmosomes [68] and is discussed under hemi- 
desmosomal proteins (see pages 28-29). 

To summarise; desmosomes are adhesion junctions 
and surface attachment sites for KIF. They are also in- 
volved in signal transduction and cell differentiation. 
The hitherto known desmosomal proteins of the skin 
are: desmosomal cadherins (desmogleins and desmo- 
collins), proteins of plakin family (desmoplakins, 
envoplakin, periplakin and plectin) and proteins of 
the armadillo family (plakoglobin and plakophilins). 
These proteins interact with each other and with KIF 
mediating adhesion between the keratinocytes. 

Perturbing the functions of desmosomal proteins 
leads to disturbance of keratinocytes adhesion and 
results in intraepidermal blistering diseases. 

Table 1 summarises the so far known desmosomal 
proteins and their tissue distribution. Table 2 displays 
the molecular weights, the gene map loci and OMIM 
numbers of these proteins as well as the diseases re- 
lated to them. 

Figure 22 shows a simplified diagrammatic pres- 
entation of the molecular anatomy of the cutaneous 
desmosome. 
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Fig. 20. Simplified diagrammatic presentation of molecular structure of plakophilins based on the deduced amino acid se- 
quence [60-65]. They comprise 1 0 central arm repeat regions flanked by a long amino- and a short carboxy-terminal domain 
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Fig.21. Simplified diagrammatic presentation of envoplakin and periplakin based on their deduced amino acid sequences 
[66,67,96]. Like other members of plakin family, the amino-terminal domain contains A/A/,Z, Y,X, I/I/, 1/ a helices. In envoplakin, the 
carboxy-terminal domain contains homology unit C while in periplakin no homology units are present 
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Table 1 . The desmosomal proteins and their tissue distribution 



Protein 



Tissue distribution 



References 



1 . Desmosomal cadherins 

Desmogleini Stratified squamous epithelia except for the cornea 71,72 

Desmoglein2 Ubiquitous in all desmosome-containing tissues 53,71,72 

Desmoglein3 Conjunctiva, stratified squamous epithelia except for the cornea 71 , 72, 76 

Desmoglein4 Salivary gland, testis, prostate, skin, hair follicles 53a, 53b 

Desmocollini Skin 56,79 

Desmocollin2 Ubiquitous in all desmosome-containing tissues 81 

Desmocollin3 Conjunctiva, stratified squamous epithelia except for the cornea 56, 82 

2. Proteins of plakin family 

Desmoplakin I Ubiquitous in all desmosome-containing tissues 90 

Desmoplakin II Several stratified epithelia including the skin 90 

Envoplakin Skin 66 

Periplakin Skin 67 

3. Proteins of armadillo family 

Plakoglobin Ubiquitous in all desmosome-containing tissues, 57, 84 

adherens junctions 

Plakophilin1-4 Skin and some other epithelia 60-65 



Table 2. Desmosomal proteins, their molecular weights, the OMIM (Online Mendelian Inheritance in Man) numbers, their gene 
map loci and the related diseases 



Protein 


Approximate 

SDS-PAGE 

molecular 

weight 


OMIM 


Related diseases 


Gene map locus 


References 


Protein located in desmosomal plaque and desmoglea 






Desmogleini 


160 kDa 


125670 


SPPK1, pemphigus foliaceous, 
mucocutaneous pemphigus 
vulgaris, paraneoplastic 
pemphigus 


18q12.1-q12.2 


52,70,73-74 


Desmoglein2 


116kDa 


125671 


- 


18q12.1-q12.2 




Desmoglein3 


1 30 kDa 


169615 


Pemphigus vulgaris, 
paraneoplastic pemphigus 


18q12.1-q12.2 


41,70,75 


Desmoglein4 


Not known 


607892 


Pemphigus vulgaris, 
hypotrichosis 


18q12 


53a, 53b 


Desmocollini ^ 




125643 


Subcorneal IgA pemphigus 


Chr.18 


54,78,80 


Desmocollin2 }- 


100-120 kDa 


125645 


- 


18q12.1 


55,78 


DesmocollinS-' 




600271 


- 


18q12.1 


56,78 


Protein located in desmosomal plaque 








1 . Proteins of plakin family 










DesmoplakinI 


250 kDa 


1 25647 


Paraneoplastic pemphigus. 


6p24-p23.1 


58,89,91, 








SPPK2,a disease characterized 
by dilated cardiomyopathy, 
woolly hair and keratoderma 




92,93 


Desmoplakin II 


215 kDa 


125647 


Paraneoplastic pemphigus 


6p24-p23.1 


59,89,91 


Envoplakin 


210 kDa 


601590 


Paraneoplastic pemphigus 


17q25 


66,97,98 


Periplakin 


195 kDa 


602871 


Paraneoplastic pemphigus 


16p13 


67,96 


2. Proteins of armadillo family 










Plakoglobin 


83 kDa 


173325 


Naxos disease 


17q21 


57,85,87 


Plakophilini 


75 kDa 


601975 


Ectodermal dysplasia- 


1q32 


40,60,61,94, 








skin fragility syndrome 




95 


Plakophilin2 


100 kDa 


602861 


- 


12p13 


62,95 


Plakophilin3 


85 kDA 


605561 


- 


11p15 


63,95 


Plakophilin4 


150 kDA 


604276 


- 


2q23-q31 


65 









Ultrastructure and Molecular Anatomy 



25 



Chapter 2 




plaque 

(Desmoplakins f and II, 
Plakoglobin, Envoplakin, 
Periplakin, Plakophilins 1a, 
2a, 2b, 3 and 4) 



Desmocollins 

(la, 2a, 3a) 

Desmocollins 
(1b, 2b and 3b) 



Fig. 22. Highly simplified diagrammatic presentation of the protein constituents of the cutaneous desmosome. In the desmo- 
somal plaque the following proteins are hitherto identified: desmoplakins I and II, plakoglobin, envoplakin, periplakin and 
plakophilins (la, 2a, 2b, 3 and 4). Desmosomal cadherins are present in the desmosomal plaque and desmoglea fD).They medi- 
ate homophilic adhesion between the neighbouring keratinocytes and include desmogleins and desmocollins. A/ nucleus, PM 
plasma membrane of the keratinocyte, /C/P keratin intermediate filaments 
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Ultrastructure and Molecular Anatomy 
of Cutaneous Basement Membrane Zone 



Basement membranes (BMs) are highly specialized 
structures located at the interface between epithelial 
cells and their surrounding connective tissues [44, 
45]. They also surround individual muscle cells, fat 
cells and Schwann cells [99]. The cutaneous BM zone 
is located between the epidermis and the dermis and 
was originally defined as a 0.5 to 1.0-pm-thick band- 
like structure that is positively stained by periodic 
acid-schiff (PAS) [100] (Fig. 23). Subsequently, ultra- 
structure, biochemical and molecular biological 
studies have shown that the cutaneous BM zone is an 
extraordinarily complex network of interconnecting 
proteins that provide integrity and mechanical stabil- 
ity to the skin [44, 45]. Furthermore, it restricts the 
transit of molecules between the epidermis and the 
dermis on the basis of size and charge, and permits 
the passage of migrating and invading cells under 
normal or pathological conditions [44]. It also infiu- 
ences the behaviour of keratinocytes by modulating 
cell polarity, proliferation, migration, and differentia- 
tion. In addition, it has an important role during de- 
velopment, wound healing, and remodelling of the 



skin. Ultrastructurally, the cutaneous BM zone con- 
sists of the following regions [101, 102] (Fig. 24): 

1 . Plasma membrane of the basal keratinocyte which 
contains hemidesmosomes into which KIF inserts. 

2. Lamina lucida, an electron-lucent region, which is 
traversed by anchoring filaments. 

3. Lamina densa, an electron-dense area from which 
anchoring fibrils extend into the papillary dermis. 



Hemidesmosomes 

Hemidesmosomes (HDs) are highly complicated at- 
tachment structures that mediate adhesion of epithe- 
lial cells to the underlying extracellular matrix [44, 
45]. Furthermore, they are implicated in signal trans- 
duction infiuencing cytoskeletal architecture, cell dif- 
ferentiation and cell growth [103-105]. HDs are pres- 
ent in stratified epithelia (such as the skin and the 
cornea) and in other epithelia such as that of the am- 
nion, parts of the gastrointestinal, respiratory and 
urinary tracts [103]. They can only be seen by elec- 
tron microscopy where they appear as electron-dense 
condensations of less than 50 nm which reside at in- 




Fig.23.The cutaneous BM zone positively stained by PAS (arrowheads) 
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Fig. 24. Ultrastructure of the BM zone of the skin. A./r/ anchoring filaments, A./rb anchoring fibrils, Co collagen fibres, D papillary 
dermis, HD hemidesmosome, HDAP Hemidesmosomal attachment plaque, LL lamina lucida, LD lamina densa, K basal ker- 
atinocyte,/C/F keratin intermediate filaments,/HDP inner hemidesmosomal plaque,PM plasma membrane of basal keratinocyte, 
SPDP subbasal dense plaque 



tervals on the plasma membrane of basal epithelial 
cells [103]. 

Here hemidesmosomes of human skin will be fo- 
cused on. These are composed ultrastructurally of 
three distinctive regions (Fig. 24): 

1 . Hemidesmosomal attachment plaque, an elec- 
tron-opaque thickening of approximately 20-40 
nm, located on the cytoplasmic side of the plasma 
membrane of the basal keratinocytes [101]. 

2 . Inner hemidesmosomal plaque, a relatively elec- 
tron-dense area separated from the attachment 
plaque by a narrow relatively electron-lucent zone 
[ 106 ]. It provides insertion to KIF [ 107 ]. 

3 . Subbasal dense plaque, a thin electron dense plate 
situated extracellularly across the plasma mem- 
brane opposite the hemidesmosomal attachment 
plaque [102]. 

Immunologically, biochemically and molecular bio- 
logically five hemidesmosomal proteins have been so 
far identified and characterised. These are: bullous 
pemphigoid antigen 1 [30, 47, 107], plectin [108-110], 
bullous pemphigoid antigen 2 [31, 111], a6p4 integrin 
[112,113] and CD151 [114]. 



Bullous pemphigoid antigen 1 

Synonym: BP230 

Bullous pemphigoid antigen 1 (BPAGi) is a 230-kDa 
glycoprotein [115] located at the inner plaques of HDs 
[107]. It is the major antigenic determinant of bullous 
pemphigoid where greater than 90% of patients with 
this disease have circulating autoantibodies against it 
[115, 116] . It is, however, unlikely that anti-BPAGi anti- 
bodies are directly responsible for initiating the der- 
mal-epidermal blistering seen in bullous pemphigoid 
patients. This is because in BPAGi knockout mice the 
hemidesmosomes were lacking the inner plaques but 
the dermal-epidermal adhesion was normal [107]. 
Since these knockout mice also developed severe dys- 
tonia and sensory nerve degeneration similar to dys- 
tonia musculorum mice, BPAGi gene and dystonia 
musculorum gene (dystonin gene) were suggested to 
be related. Further studies have confirmed this sug- 
gestion and demonstrated that BPAGi gene compos- 
es the 3' end of the dystonin gene, where the former 
is expressed exclusively in keratinocytes and the lat- 
ter only in the dorsal root ganglia [117]. Dystonin 
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gene is now referred to as BPAGi-n where n denotes 
neural [118, 119]. BPAGi represents also one of the tar- 
get autoantigens of paraneoplastic pemphigus [119a] 
and cicatricial pemphigoid [119b], 

It was also reported as the autoantigen in some 
cases of lichen planus pemphigoides [119c] and her- 
pes gestationis [ii9d]. 

BPAGi belongs to the plakin family of proteins [88]. 
It is dumbbell-shaped and consists of three domains, a 
central coiled-coil rod domain, and two terminal glob- 
ular domains [120] (Fig. 25). It mediates connections 
between KIF, HDs and lamina densa where its C-termi- 
nal globular domain provides attachment to KIF [107] 
and its N-terminal globular domain binds the N- ter- 
minal domain of bullous pemphigoid antigen 2 [121]. 
BPAGi gene consists of 22 exons and was mapped to 
chromosome 6pi2-pii [122,123]. 



Plectin 

Synonym: HD-1 

Plectin belongs to plakin protein family [88] and is 
located in the desmosomal plaque and the inner 
plaque of HD [68, 124]. It is a large protein with a cal- 
culated molecular weight of 507 kDa and SDS-PAGE 
molecular weight of 300 kDa [125, 126]. In addition to 
the skin, plectin is also expressed in many other strat- 
ified squamous epithelia as well as the striated mus- 
cles, the brain, the astrocytes of optical nerves and 
Schwann cells [126,127]. 

Plectin has a dumbbell- shaped assembly and con- 
sists of three domains; two terminal globular do- 
mains and one central coiled-coil rod domain [126, 



N-terminal 

domain 









NN Z Y X W V ® 



Coiled-Goil rod domain 



C-terminal 

domain 



B C 



Fig.25. A simplified diagrammatic presentation of the molecular structure of BPAGI based on its deduced amino acid sequence 
[1 20,1 22,1 23]. It is dumbbell-shaped and consists of three domains.The C-terminal domain provides attachment to KIF and con- 
tains homology units Band C.The N-terminal domain contains the a helices NN,Z,Y,X,W,Vand provides attachment to bullous 
pemphigoid antigen 2. For details and references see the text 



N-terminal C-terminal 

domain domain 




Fig.26. A simplified diagramme of the molecular structure of plectin based on its deduced amino acid sequence [1 10,124]. It 
consists of 3 domains.The C-terminal domain contains six homology units and provides attachment to KIF and integrin (34 sub- 
unit [1 29,1 31]. The N-terminal domain contains the a helices NN,Z,Y,X,W,V and ABD (actin binding domain). It provides attach- 
ment to actin and integrin (34 subunit [1 26,1 30,1 31 ] 
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128] (Fig. 26). The C-terminal domain provides at- 
tachment to KIF [129] while the N-terminal domain 
provides attachment to actin [126, 130] . Both domains 
have binding sites for integrin p4 subunit [131]. 
Plectin therefore mediates linking between HDs, and 
KIF (via integrin p4). It also stabilises the actin cy- 
to skeleton by scaffolding it to intermediate filaments 
[130]. Plectin gene was found to be mutated in pa- 
tients suffering from a recessive form of epidermoly- 
sis bullosa simplex associated with muscle dystrophy 
(EBS-MD) [110, 124, 132], a disease first described by 
Niemi et al. [133] and is characterised by skin blister- 
ing and late-onset progressive muscle dystrophy 
(OMIM 226670) (see also CHAPTER 3, page 56). 

Circulating autoantibodies against plectin were 
also reported in patients with bullous pemphigoid 
[134,135] and paraneoplastic pemphigus [136]. 

Plectin gene was mapped to chromosome 8q24 
and consists of 32 exons which span about 32 kb of the 
human genome [no, 128]. 



Bullous pemphigoid antigen 2 

Synonyms: BP1 80, collagen type XVII, COL1 7A1 

Bullous pemphigoid antigen 2 (BPAG2) is a 180 kDa 
transmembrane glycoprotein that consists of three 
main domains [137-141]. A schematic presentation 
of the structure of BPAG2 is displayed in Figure 27. 
BPAG2 contains 15 collagen-like repeats at its car- 
boxyl terminus. It has therefore been classified as 
type XVII collagen (COL17A1) [141]. BPAG2 mediates 
connections between HDs and the lamina densa 
where its N-terminal domain binds BPAGi [121] and 
P4 integrin subunit [142, 143] and its C-terminal do- 
main extends to the lamina densa [144]. BPAG2 is 
crucial for maintaining adhesion between the epider- 
mis and dermis because it was found to be mutated in 
patients with generalised atrophic benign epider- 
molysis bullosa [145], a rare variant of junctional epi- 
dermolysis bullosa with blister formation within the 
lamina lucida [146] (OMIM 226650). 

BPAG2 also serves as an autoantigen for bullous 
skin diseases where about 50% of bullous pem- 
phigoid sera and most sera from patients with herpes 
gestationis and lichen planus pemphigoides reacted 
with it [116, 137, 147, 148, 148a]. BPAG2 was also found 
to be one of the autoantigens of cicatricial pem- 
phigoid [149]. Intraperitoneal injection of neonate 
mice with antibodies against BPAG2 resulted in de- 
velopment of blistering eruptions that were clinically 
and histologically similar to the bullous pemphigoid 
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[150] . These results attest the importance of BPAG2 for 
the stability of DEJ and demonstrate that auto anti- 
bodies against BPAG2 are pathogenic. Furthermore, 
they provide an animal model of bullous pemphigoid. 
BPGA2 has a broad tissue distribution. In addition to 
keratinocytes, it is also expressed in the epithelia of 
many organs such as the mammary, salivary and thy- 
roid glands as well as the colon, prostate, testis, pla- 
centa and the thymus [151]. In keratinocytes BPAG2 
occurs most probably in two forms, a full length trans- 
membrane protein and a soluble ectodomain that is 
shed from the cell surface by proteolytic processing 
[152, 153]. This ectodomain consists of 15 collagenous 
and 16 noncollagenous segments (Fig. 27). It is 120 kDa 
and designated LADi because it serves as an autoanti- 
gen for linear IgA disease [154]. Recent studies suggest 
that BPAG2 and its proteolytic cleaved ectodomain 
LADi are present in keratinocytes as separate ho- 
motrimeric complexes [155-157]. 

BPAG2 gene comprises 56 exons, which span ap- 
proximately 52 kb of the genome [158]. The gene was 
mapped to chromosome ioq24.3 [139]. 



a 6(34 Integrin 

Integrins are transmembrane glycoproteins that me- 
diate cell-matrix or cell-cell adhesion, and transduce 
signals that regulate gene expression and cell growth 
[159, 160]. They are heterodimeric molecules consist- 
ing of genetically distinct noncovalently linked a and 
p subunits. To date, 18 a [113, 161-177] and 8 p [165, 
178-186] subunits (Table 3, 4) have been identified. 
These associate to form 23 different integrins [159]. 
Basal keratinocytes of the epidermis express three 
integrins [187]. These are : a2pi, a3pi, and a6p4 inte- 
grins. 

a2pi integrin is located at the lateral surface of the 
basal keratinocytes and was suggested to have a role 
in the cell-cell interaction [188]. 

ajpi integrin is present at the lateral and ventral 
surface of the basal keratinocytes and serves as a lig- 
and for laminin 5 [189, 190]. 

a6^4 integrin is a transmembrane hemidesmoso- 
mal protein with C-terminal intracellular and N-ter- 
minal extracellular domains (Fig. 27). It serves as a 
ligand for laminin 5 [112, 113, 190]. Moreover the C- 
terminal domain of p^ integrin subunit binds plectin 
[131] and BPAG2 [143]. It therefore mediates connec- 
tions between KIF, HDs and the lamina densa (via 
plectin, BPAG2 and laminin 5). In addition to the 
skin, a6p4 integrin is also present in other stratified 
epithelia as well as transitional epithelia [112, 191, 
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192]. Mutations in either the a 6 or p4 integrin sub- 
units lead to junctional epidermolysis bullosa with 
pyloric atresia [193, 194], a disease characterised 
by intralamina lucida skin blistering and congenital 
pyloric atresia [195] (OMIM 226730). Mutation in the 
p4 integrin subunit was also reported in junctional 
epidermolysis bullosa without pyloric atresia [196]. 
The a6 and the p4 integrin subunits serve also as 
autoantigens in oral and ocular cicatricial pem- 
phigoid [i96a-b]. Mice deficient in the a 6 or p4 



integrin subunit developed extensive detachment of 
the epidermis and other epithelia [197, 198]. The mice 
died during the neonatal period from complications 
related to the massive loss of the epidermis. 

All these results together attest that a 6 p4 integrin 
plays a pivotal role in maintaining the adhesion be- 
tween the epidermis and the dermis. The gene coding 
for a 6 integrin subunit was mapped to chromosome 
2 [199] and that for p4 integrin subunit to chromo- 
some i7qii-qter [199-201]. 



Table 3. The hitherto identified eighteen a integrin subunits, their gene loci and the OMIM numbers 



Chain 


Gene map locus 


OMIM 


Reference 


a1 


Chr.5 


192968 


161 


a2 


5q23-q31 


192974 


162,202 


a3 


Chr.17 


605025 


163,203 


a4 


2q31-q32 


192975 


164,204 


a5 


12q11-q13 


135620 


165,205 


a6 


Chr.2 


147556 


113,199 


a7 


12q13 


600536 


166,206 


aS 


Not known 


604063 


167 


a9 


3p21.3 


603963 


168,207 


a^0 


Not known 


604042 


169 


all 


15q22.3-q23 


604789 


170,208 


allb 


17q21.32 


607759 


171,209 


aD 


16p11.2 


602453 


172 


aE 


Not known 


604682 


173 


aL 


16p11.2 


153370 


174 


aM 


16p11.2 


120980 


175,210 


aV 


2q31 


193210 


176,211 


aX 


16p11.2 


151510 


177,212 


Table 4. The hitherto identified eight p integrin subunits, their gene loci and the OMIM numbers 


Subunit 


Gene map locus 


OMIM 


Reference 


pi 


10p11.2 


135630 


178,213 


p2 


21q22.3 


600065 


179,214 


P 3 


17q21.32 


173470 


180,205 


P 4 


17q11-qter 


147557 


113,199 


P 5 


Not known 


147561 


183 


P6 


Chr.2 


147558 


184,215 


P 7 


12q13.13 


147559 


185,215,216 


P8 


Not known 


604160 


186 
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Fig. 27. Schematic presentation of the hemidesmosomal transmembrane proteins, BPAG2 and a6p4 integrin.As shown, each of 
these proteins consists of three main domains.The extracellular C-terminal domain of BPAG2 is unique because it contains 1 5 
collagen-like repeats. It also contains a noncollagenous segment (NCI 6A) which has antigenic sites for autoantibodies from pa- 
tients with bullous pemphigoid and herpes gestationis [140,141,147]. a6(34 integrin is composed of noncovalently linked a6 
and (34 subunits.The a6 subunit has a small C-terminal domain of 36 amino acids,a 23-amino acid transmembrane domain and 
a large N-terminal domain of 991 amino acids. In contrast both the amino- and carboxy-terminal domains of the (34 subunit are 
large and are composed of 1089 and 710 amino acids, respectively. The molecular structures of a6(34 integrin and BPAG2 are 
drawn according to the predicted amino acid sequences. For details and references see the text 



CD151 

Synonyms: platelet-endothelial cell 
tetraspan antigen 3, PTEA-3, SFA-1 

CD151 is a member of transmembrane proteins of the 
tetraspanin superfamily of proteins [217, 218]. These 
proteins are characterised by the presence of four 
conserved transmembrane domains and are involved 
in many cellular processes such as proliferation, ad- 
hesion, motility and differentiation [219]. CD151 has a 
molecular weight of 29 kDa and presents in a wide 
range of tissues [217, 218]. Recently it was identified in 
the cutaneous HDs where it codistributes with a6(34 
integrin [114]. It is also present at the basolateral sur- 
faces of basal keratinocytes and was found to be as- 



sociated with a3(3i integrin. CD151 is also present in 
HDs of simple and cylinder epithelia. CD151 gene is 
mapped to chromosome 11P15.5 and consists of eight 
exons spanning 4.3 kb of the genome [220]. 



Lamina Lucida and Anchoring Filaments 

Lamina lucida (LL) is an electron lucent zone situat- 
ed between the plasma membrane of the basal ker- 
atinocytes and the lamina densa [101, 102] (Fig. 24). 
Its width varies between 44 nm (areas beneath HDs) 
and 54 nm (areas between HDs). In the areas beneath 
HDs, LL is traversed by fine thread-like structures 
called anchoring filaments (Fig. 28). Anchoring fila- 
ments extend from the attachment plaque of the HD 
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through the subbasal dense plaque into the lamina 
densa. They extend most probably beyond the lamina 
densa and bind to anchoring fibrils (Fig. 28). Anchor- 
ing filaments are composed mainly of laminin 5 (pre- 
viously called epiligrin, kalinin, nicein or BM600) 
[190, 221-224]. Other proteins that share in the com- 
position of anchoring filaments of human skin are 
laminin 6 [225] and laminin 10 [226] in addition to 
the extracellular domain of BPAG2 [144]. 



Laminin 5 

Synonyms: epiligrin, kalinin, nicein or BM600 

Laminin 5 is an isoform of laminins, a growing fami- 
ly of apy heterotrimeric glycoproteins, which are 
ubiquitous in basement membrane containing tis- 
sues [227, 228]. Twelve isoforms of laminins [221- 
225,229-231] have been identified and assembled 
from a repertoire of eleven genetically different 
polypeptide chains (five a [230-236], three p [237- 
240] and three y [231, 241-242] chains). 

Laminin 5 consists of the chains a3 [234], p3 [240] 
and y2 [242] which assemble into a cross-like struc- 
ture with one long arm and three short arms (Fig. 29). 
The long arm is formed by the association of the 
three chains into a triple coiled-coil [243]. The three 
short arms represent the N-terminal regions of each 
chain. In the skin, laminin 5 is proteolytically 
processed after secretion [221, 243]. The 200-kDa a3 
chain is cleaved first to 165 kDa and finally to 145 kDa. 
The y2 chain is processed from 155 kDa to 105 kDa 
while the p3 which is a 140-kDa chain remains un- 
processed. The polypeptide chains of laminin 5 are 
encoded by the genes, LAMA3, LAMB3 and LAMC2 
which were mapped to chromosomes i8qii.2, iq32 
and iq25-iq3i, respectively [234, 242]. Mutations in 
these three genes were found in patients with junc- 
tional epidermolysis bullosa [46, 244-246] suggest- 
ing that all of the three polypeptide chains of laminin 
5 are crucial for the structural integrity and stability 
of the DEJ. Laminin 5 serves as a ligand for a6p4 in- 
tegrin [112, 113, 190] and a3pi integrin [189, 190]. It 
also binds the NC-domain of type VII collagen [247] 
which is the major protein of anchoring fibrils. 
Laminin 5 mediates, therefore, linking between HDs 
(via a6p4 integrin) and anchoring fibrils (via type 
VII collagen). 




Fig.28. Detailed ultrastructure of the anchoring filaments and 
the lamina densa. The anchoring filaments {A.fil) are thread- 
like structures extending from the hemidesmosome (HD) 
through the plasma membrane of the basal keratinocytes 
(PM) and the subbasal dense plate (SPDP). They traverse the 
lamina lucida {LL) to the lamina densa {LD). They extend be- 
yond the lamina densa and bind to anchoring fibrils {A.fib) 
(see also Fig. 36). The lamina densa has in some areas a net- 
work-like structure which correlates with the suggested mod- 
el of the assembly of type IV collagen (see also Fig. 32). /C basal 
keratinocyte 



Laminin 6 

Synonyms: k-laminin 

Laminin 6 consists of the chains a3. Pi and yi [225]. It 
complexes covalently in the LL with laminin 5. The a3 
chain, which is common to laminins 5 and 6, serves as 
target autoantigen in a subset of patients with cicatri- 
cial pemphigoid [248]. These patients were reported 
to have a high risk of malignancy especially pul- 
monary and gastric carcinomas [248a]. 







Ultrastructure and Molecular Anatomy 



Chapter 2 



NH3 



^ a3 chain 




G domain 
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Fig. 29. Diagrammatic presentation of the molecular structure 
of laminin 5. It consists of three chains that assemble in a 
cross-like structure with one long arm and three short arms. 
The long arm is formed by the association of the three chains 
into a triple coiled-coil that is stabilized by interchain disul- 
phide bonds. The three short arms represent the N-terminal 
regions of each chain. The carboxy terminal of the a chain is 
longer than that of p and ychains and consists of five homol- 
ogous modules designated G domain. See the text for details 
and references 



Laminin 10 

Laminin 10 consists of the chains as, ( 3 i and yi [230] . In 
addition to the skin, it is present in many other tissues 
such as bone marrow, blood vessels, placenta, heart, 
lung, skeletal muscles, kidney and pancreas [236, 249, 
250]. Mice lacking the as chain, which is common to 
laminin 10 and laminin 11, died in late embryogenesis 
due to multiple developmental defects [2S1]. 

Table s displays the known laminin polypeptide 
chains, their gene map loci and their OMIM num- 
bers. In table 6 laminin isoforms, their trimeric con- 
stitutions and their old names are presented. 



Lamina densa 

Lamina densa (LD) is a continuous electron-dense lay- 
er of approximately 70 nm [101] . It has a granular fibril- 
lary appearance and runs parallel to the plasma mem- 
brane of basal keratinocytes (Figs. 24, 28). LD consists 
mainly of type IV collagen [2S4, 2ss] • Antibodies to type 
IV collagen can therefore be used to define the LD (Fig. 
30). This helps to define the site of blister formation in 
subepidermal blistering diseases providing a useful di- 
agnostic tool for the differentiation between these dis- 
eases (Fig. 31) (for more details see also CHAPTER 4). 

Other proteins of the LD are nidogen and perlecan 
[227]. 



Table 5. The hitherto identified eleven laminin polypeptide chains and their gene loci 



Chain 


Gene map locus 


OMIM 


Reference 


a1 


18p11.31 


150320 


232,252 


a2 


6q22-q23 


156225 


233 


a3 


18q11.2 


600805 


234 


a4 


6q21 


600133 


235,253 


a5 


20q13.2-q13.3 


601033 


236 


pi 


7q31.1-q31.3 


150240 


237,238 


P2 


3p21 


150325 


239 


P3 


1q32 


150310 


240 


yi 


1q31 


150290 


241 


y2 


1q25-q31 


150292 


242 


y3 


9q33-q34 


604349 


231 
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Table 6. The hitherto identified laminin isoforms, their trimeric constitutions and their old names 



Isoform 


Trimeric constitutions 


Old name 


Reference 


Laminin 1 


a1 plyl 


EHS laminin 


224 


Laminin 2 


a2p1y1 


Merosin 


224 


Laminin 3 


a1 p2y1 


s-laminin 


224 


Laminin 4 


a2p2y1 


s-merosin 


224 


Laminin 5 


a3p3y2 


Epiligrin/ Kalinin/Nicein 


190,221,222 


Laminin 6 


a3p1y1 


k-laminin 


221 


Laminin 7 


a3p2y1 


ks-laminin 


229 


Laminin 8 


a4p1y1 


- 


230 


Laminin 9 


a4p2y1 


- 


230 


Laminin 10 


aSpiyl 


- 


230 


Laminin 1 1 


a5p2y1 


- 


230 


Laminin 12 


a2p1y3 


- 


231 




Fig.30. Staining of the lamina densa 
(arrowheads) by antibodies to type IV 
collagen using the immunoperoxidase 
method 



Type IV collagen 

Type IV collagen is one of the about twenty collagen 
types that have been so far identified [256, 257]. It 
consists of a long collagenous triple-helical domain 
and two globular non-collagenous carboxy (NCi) 
and amino (NC2) terminal domains [258, 259]. The 
triple-helical domain is interrupted at several regions 
conferring high flexibility. Type IV collagen mole- 
cules self- assemble into a network which results in 
head-to-head association of the carboxy termini and 



lateral association of the amino termini [258] (Fig. 
32). Type IV collagen is a heterotrimeric protein and 
assembles from a repertoire of six genetically differ- 
ent a chains [ai(IV)- a6(IV)] [260-266]. While 
ai(IV) and a2(IV) chains are ubiquitous in all base- 
ment membranes, the a3(IV), a4(IV), a5(IV), and 
a6(IV) chains have restricted tissue distribution 
[259, 267]. 

The NCi domain of a3(IV) chain is the target anti- 
gen in Goodpasture syndrome [268], a lethal autoim- 
mune disease characterised by glomerulonephritis 
and pulmonary hemorrhage (OMIM 233450). In addi- 
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Fig. 31 . Blister mapping using antibodies against type IV colla- 
gen (immunoperioxide method). A, Intralamina lucida blister 
in a patient with bullous pemphigoid. Note that the lamina 
densa (arrowhead) is situated at the blister floor. B, Sublamina 
densa blister in a patient with epidermolysis bullosa acquisita. 
The lamina densa (arrowhead) is situated at the blister roof 
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tion, IgG autoantibodies directed against NCi domain 
of as (IV) chain were recently reported in a patient 
with subepidermal blistering disease and renal insuf- 
ficiency [269]. Mutations in a3(IV), a4(IV), as (IV) 
and a6 (IV) were found in patients with Alport syn- 
drome [270-272], a hereditary disease characterized 
by haemorrhagic nephritis [273] (OMIM 301030). 

Table 7 displays the a chains of type IV collagen, 
the diseases related to them, their tissue distribu- 
tions, their gene loci and OMIM numbers. 



Fig.32. Highly simplified diagrammatic presentation of the 
network model of assembly of type IV collagen in the lamina 
densa. See the text for references and details 
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Table 7.The hitherto identified six a chains of type IV collagen, the related diseases, tissue distributions as well as their gene loci 
and the OMIM numbers 



Collagen 

chain 


Related diseases 


Tissue distribution 


Gene locus 


OMIM 


Ref 


a1(IV) 


- 


Ubiquitous in all BM 


13q34 


120130 


259,260,274 


a2(IV) 


- 


Ubiquitous in all BM 


13q34 


120090 


259,261,275 


a3(IV) 


Goodpasture syndrome, 
autosomal recessive 
Alport syndrome 


Glomerular & alveolar 
BM, synaptic muscle 
fibres, aorta, lens 
capsule 


2q35-q37 


120070 


259,262,263 

270,276 


a4(IV) 


Autosomal recessive 
Alport syndrome 


Glomerular BM, 
synaptic muscle fibres, 
aorta, lens capsule 


2q35-q37 


120131 


259,264,270 

277 


a5(IV) 


X-linked Alport 
syndrome 


Glomerular BM, DEJ 


Xq22.3 


303630 


259,265,267 

271 


a6(IV) 


Alport syndrome 
associated with smooth 
muscle tumours 


DEJ, oesophagus, lung, 
many other tissues 


Xq22.3 


303631 


266,272,278 



Nidogen 

Nidogen is a glycoprotein with three globular do- 
mains which are connected together by rod-like seg- 
ments [279-281] (Fig. 33). There are two nidogens 
(nidogeni and nidogen2). 

Nidogeni (also called entactin) is 150 kDa and 
ubiquitous in all basement membrane containing tis- 
sues [279, 280, 282]. Nidogeni binds to type IV colla- 
gen, perlecan and laminini. Nidogeni gene was 
mapped to chromosome iq43 [283] and consists of 20 
exons spanning at least 90 kb of the genome [284]. 

Nidogen2 (also called osteonidogen) is 200 kDa 
and is expressed in the basement membranes of 
many tissues including the skin [281]. Similar to 
nidogeni, it binds also to type IV collagen, perlecan 
and laminini. At amino acid level nidogen2 is 46% 
identical to nidogeni. The chromosomal location and 
genomic organisation of the human nidogen2 gene is 
still unknown. 



Perlecan 

Synonym: heparan sulphate proteoglycan 

Perlecan is 467 kDa and ubiquitous to all basement 
membranes [285]. It consists of a mutiglobular core 
protein with two to three terminally attached he- 
paran sulphate side chains (Fig. 34). Perlecan gene 
was mapped to chromosome ip36.i [287] and is com- 
posed of 97 exons [286] . It was found to be mutated in 
patients with Schwartz-Jampel syndrome [286], a 
rare autosomal recessive disorder characterised by 
permanent myotonia and skeletal dysplasia [288] 
(OMIM 255800). 
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Fig. 33. Simplified diagrammatic pres- 
entation of the molecular structure of 
nidogen based on its deduced amino 
acid sequence and electron mi- 
croscopy image [280-284]. It is an 
asymmetric dumbbell-shaped protein 
which consists of three globular do- 
mains (G1, G2 and G3) connected by 
linker segments. In the cutaneous BM 
zone G2 gives attachment to type IV 
collagen and perlecan. For details and 
references see the text 



Anchoring Fibrils 



Anchoring fibrils are cross-banded, about 8oo nm 
long fibrillar structures that extend from the lamina 
densa into the papillary dermis where they loop back 
into the lamina densa or insert into anchoring 
plaques [289] (Fig. 35). Anchoring plaques are small 
electron-dense islands present in the papillary der- 
mis and composed mainly of type IV collagen [289]. 
In the lamina densa, anchoring fibrils most probably 
mesh with the anchoring filaments (Fig. 36). Anchor- 
ing fibrils are mainly composed of type VII collagen 
[290]. 




NH3 



COOH 



Heparin 
sulphate 
side chains 



Core protein 
consisting 
of five domains 



Fig. 34. A simplified diagrammatic presentation of the molec- 
ular structure of perlecan based on its deduced amino acid se- 
quence and electron microscopy image [285]. It consists of a 
core protein consisting of five domains and 2-3 terminally at- 
tached heparan sulphate side chains 




Fig.35. Detailed ultrastructure of anchoring fibrils (A.fib).They 
are cross-banded fibrils extending from the lamina densa {LD) 
into the papillary dermis (D) where they loop back into the LD 
or insert into the anchoring plaques {AP) 
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Type VII collagen 

Type VII collagen is a 290-kDa homotrimeric protein 
composed of three ai(VII) chains [291]. It is the au- 
toantigen in epidermolysis bullosa acquisita [292, 
293], bullous systemic lupus erythematosus [294] and 
a subset of linear IgA disease [295]. It consists of three 
domains [291, 296] (Fig. 37). The non-collagenous 
amino-terminal domain (NCi) binds to type IV col- 
lagen in the lamina densa [289] and laminin 5 in the 
anchoring filaments [247]. Anchoring fibrils are im- 
portant for the integrity of the DEJ because large 
numbers of mutations in type VII collagen gene have 
been identified in patients with dystrophic epider- 
molysis bullosa [297, 298], a group of congenital dis- 
eases characterised by blister formation in the sub- 
lamina densa region. Mutations of type VII collagen 
gene were also reported in transient bullous dermoly- 
sis of the newborn [299] (an autosomal dominant dis- 
order, first described by Hashimoto et al. [300] and 
characterised by blistering during the first months of 
life) and Barfs syndrome [301], a disorder charac- 
terised by congenital absence of skin on the lower ex- 
tremities, blistering of skin and mucous membranes, 
and congenital absence or deformity of nails [302]. 
Transient bullous dermolysis of the newborn (OMIM 
131705) and Barfs syndrome (OMIM 132000) are there- 
fore currently considered as clinical variants of dys- 
trophic epidermolysis bullosa. 

Type VII collagen gene was mapped to chromo- 
some 3p2i [32]. It spans about 32 kb of the genome 
and consists of 118 exons, the largest number of exons 
in any gene published so far [303]. 

To summarise the cutaneous BM zone is an ex- 
traordinarily complex network of interconnecting 
proteins that provide integrity and mechanical stabil- 
ity to the skin. They are also involved in signal trans- 
duction and many other important functions. Four- 
teen proteins of the cutaneous BM zone have been 
identified and characterised. These are: bullous pem- 
phigoid antigen 1, plectin, bullous pemphigoid anti- 
gen 2, a6p4 integrin, a3pi integrin, CD151, laminin 5, 
laminin 6, laminin 10, type IV collagen, nidogeni, 
nidogen2, perlecan and type VII collagen. Perturbing 
the functions of several of these proteins leads to dis- 
turbance of dermal-epidermal adhesion and results 
in subepidermal blistering diseases. 




Fig.36. Detailed ultrastructure of the anchoring fibrils. Note 
that the anchoring filaments (5) bind to the distal end of the 
anchoring fibrils {A fib). 

1 inner hemidesmosomal plaque, 2 hemidesmosomal attach- 
ment plaque, 3 keratin intermediate filaments, 4 subbasal 
dense plate,/./, lamina lucida,/.D lamina densa 



Table 8 summarises the proteins of the cutaneous 
BM zone, their molecular weights, their OMIM num- 
bers, the gene map loci and the related diseases. 

Figure 38 displays a simplified diagrammatic pres- 
entation of the molecular anatomy of the cutaneous 
BM zone. 
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Fig.37. A simplified diagramme of the molecular structure of 
type VII collagen based on its deduced amino acid sequence 
[32,291,291 a, 296]. It consists of three domains: a central col- 
lagenous triple helix domain,a large amino-terminal non-col- 
lagenous domain (NCI) and a small carboxy-terminal non- 
collagenous domain (NC2).The central collagenous domain 
contains a non-collagenous segment (Hinge region) which 
may account for the flexibility of type VII collagen 



NC1 domain p. 

145 kDa 
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Table 8. Proteins of the cutaneous BM zone, their molecular weights, their OMIM numbers, their gene map loci and diseases in- 
duced by their mutations or via antibodies against them 



Protein 




SDS-PAGE 


OMIM 


Related diseases 


Gene map 


References 






molecular 

weight 






locus 




BPAG1 




230 kDa 


113810 


Bullous pemphigoid, cicatricial 
pemphigoid, paraneoplastic 
pemphigus, herpes gestationis, 
lichen planus pemphigoides 


6p12-p11 


115,119a-d,122 


Plectin 




300 kDa 


601282 


Epidermolysis bullosa simplex 
with muscle dystrophy, bullous 
pemphigoid, paraneoplastic 
pemphigus 


8q24 


110,124-126,132, 

134,135 


BPAG2 




180 kDA 


113811 


Bullous pemphigoid, herpes 
gestationis, cicatricial 
pemphigoid, lichen planus 
pemphigoides, junctional 
epidermolysis bullosa 


10q24.3 


116,137,139,145, 

147-149 


a6p4 integrin 










a6 subunit 


130 kDa 


147556 


Junctional epidermolysis bullosa 
with and without pyloric atresia, 
oral cicatricial pemphigoid 


Chr.2 


113, 194, 196b, 199 


p4 subunit 


205 kDa 


147557 


Junctional epidermolysis bullosa 
with and without pyloric atresia, 
ocular cicatricial pemphigoid 


17q11-qter 


113,193,196,196a 


a3p1 integrin 










a3 subunit 


150 kDa 


605025 


- 


Chr.17 


163,203 


pi subunit 


140 kDa 


135630 


- 


10p11.2 


178,213 


CD151 




29 kDa 


602243 


- 


11 pi 5.5 


114,217,218,220 


laminin 5 












a3 




145 kDa 


600805 


Cicatricial pemphigoid, junctional 
epidermolysis bullosa 


18q11.2 


221,234,244,248 


P3 




140 kDa 


150310 


Junctional epidermolysis bullosa 


1q32 


221,240,245 


y2 




105 kDa 


150292 


Junctional epidermolysis bullosa 


1q25-1q31 


46,221,242,246 


laminin 6 












a3 




145 kDa 


600805 


Cicatricial pemphigoid, junctional 
epidermolysis bullosa 


18q11.2 


221,234,244,248 


pi 




220 kDa 


150240 


- 


7q31.1-q31.3 


237,238 


yi 




210 kDa 


150290 


- 


1q31 


241 


laminin 10 












a5 




350 kDa 


601033 


- 


20q13.2-q13.3 


230,236,304 


pi 




220 kDa 


150240 


- 


7q31.1-q31.3 


237,238 


yi 




210 kDa 


150290 


- 


1q31 


241 


Type IV collagen 










a1(IV) . 






1201 30 \ 




13q34 


259,260,274 


a2(IV) 






120090 \ 


\ 


13q34 


259,261,275 


a3(IV) 

a4(IV) 




185 kDa 


120070 

120131 


\see Table 7 


2q35-q37 

2q35-q37 


259,262,263,270,276 

259,264,270,277 


a(IV) 






303630 / 


/ 


Xq22.3 


259,265,267,271 


a(IV) - 






303631/ 




Xq22.3 


259,272,278 


Nidogeni 


150 kDa 


131390 


- 


1q43 


280,283 


Nidogen2 


200 kDa 


605399 


- 


Chr.14 


281 


Perlecan 


467 kDa 


142461 


Schwartz-Jampel syndrome 


1p36.1 


285-287 


Type VII 
collagen 


290 kDa 


120120 


Epidermolysis bullosa acquisita, 
bullous systemic lupus 


3q21 


32,291-295,297-300 



erythematosus, subset of lienar 
IgA disease, dystrophic 
epidermolysis bullosa 
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Fig. 38. Highly simplified diagrammatic presentation of the protein constituents of the cutaneous BM zone. PM plasma mem- 
brane of the basal keratinocyte, KIF keratin intermediate filaments, K keratin, SBDP subbasal dense plaque, IHDP inner 
hemidesmosomal plaque, HDAP hemidesmosomal attachment plaque 







42 



Ultrastructure and Molecular Anatomy 



Chapter 2 



Keratin Intermediate Filaments 



The ability of eucaryotic cells to adopt a variety of 
shapes and to carry out coordinated and directed 
movements depends on a complex network of pro- 
tein filaments called the cytoskeleton [305]. This cy- 
toskeleton extends throughout the cytoplasm and 
consists of the microfilaments, the microtubules and 
the intermediate filaments. 

The microfilaments are made of the protein actin 
and have a diameter of 7 nm. 

The microtubules are long hollow cylinders made 
of the protein tubulin and have a diameter of about 
24 nm. 

The intermediate filaments are rope-like fibres of 
10 nm and are so called because the filament diame- 
ter is between that of microfilaments and micro- 
tubules. A variety of tissue specific forms of inter- 
mediate filaments are known. They differ in the type 
of protein they contain and include: keratin inter- 
mediate filaments of epithelial cells, neurofilaments 
of nerve cells, the glial filaments of astrocytes and 
Schwann cells, the desmin filaments of muscle cells 
and the vimentin filaments of fibroblasts and many 
other cell types. 

Keratin intermediate filaments of human epider- 
mal keratinocytes (KIF) will be focused on here. 
These form a basket-like structure around the nucle- 
us and extend to the cell periphery where they insert 
in the desmosomes and hemidesmosomes [106,305]. 
The ultrastructure of KIF is displayed in Figure 39. 
KIF are made up of keratins [306-308]. Based on 
their amino acid sequences, keratins are subdivided 
into two types: type I keratins and type II keratins. 

Type I keratins are acidic and in epithelial cells in- 
clude keratins 9-20. Type II keratins are basic and in 
epithelial cells encompass keratins 1-8. 

Heterodimers of type I and II keratins are essential 
for the formation of KIF. Each type alone can not as- 
semble into KIF [306-308]. 

Figure 40 presents a simplified diagramme of the 
molecular structure of type I and type II keratins. 

The keratin constituents of KIF vary depending on 
the stage of keratinocyte differentiation [306-308]. In 
the basal cell layer they consist of keratin 5 (K5 58 
kDa) and keratin 14 (K14 50 kDa). In the stratum 
spinosum these keratins are replaced by Ki (67 kDa) 
and Kio (56.5 kDa). In the late spinous, early granular 
cell layer, another keratin is expressed, K2e (65 kDa). 
As the spinous cells differentiate into granular layer 
cells they cease expression of Ki and Kio and induce 
expression of filaggrin and loricrin. Other keratins 



found in the epidermis are K6 (56 kDa), K16 (48 kDa) 
and K9 (63 kDa). K9 is limited to late spinous and ear- 
ly granular cells of the palmar and plantar epidermis. 
K6 and K16 expression is only induced if the epider- 
mis is stressed; as occurs in wound healing. These 
keratins are also typically expressed in the outer root 
sheath of hair follicles and in the oral mucosa. 

KIF appear to maintain the structural integrity of 
the epidermis by mechanically reinforcing the ker- 
atinocyte connections. Keratin mutations result in 
formation of defective KIF and consequently ker- 
atinocytes rupture on gentle trauma with blister for- 
mation, as confirmed recently in patients with epi- 
dermolysis bullosa simplex, bullous congenital 
ichthyosiform erythroderma or bullous ichthyosis of 
Siemens [306]. 

Tables 9 and 10 summarise keratins expressed by 
the epithelial cells, their OMIM numbers, as well as 
their gene loci and diseases caused by their muta- 
tions. 
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Fig. 39. Ultrastructure of keratin interme- 
diate filaments (/C/F). There are rope-like 1 0 
nm fibres present in the cytoplasm of ker- 
atinocytes {K) that extend to the periphery 
of the cell where they insert into desmo- 
somes (Des) or into hemidesmosomes 
{HD).LD lamina densa,/./. lamina lucida, PM 
plasma membrane of keratinocytes 
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N'terminal 
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C-terminal 
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Fig.40. Simplified diagrammatic presentation of the molecular structure of type I and type II keratins (modified from reference 
306). The base unit of each keratin comprises a central a-helical rod domain with nonhelical amino- and carboxy-domains. L 1, 
U2,L2 nonhelical linker segments. 1A, 1B,2A,2B a-helical segments.!//, i/2 variable regions.H/, H2 homology regions. £^/,E2 end 
domains. HIP helix initiation peptide, HTP helix termination peptide 



Table 9. Type II keratins of epithelial cells, their site of expression, their OMIM numbers, their gene loci and diseases caused by 
their mutations 



Keratin 


Site of expression 


OMIM 


Related diseases 


Gene locus 


References 


K1 


Skin (stratum spinosum), 
inner root sheath 


139350 


bullous congenital ichthyosiform 
erythroderma, diffuse non-epiderm 
olytic palmoplantar keratoderma 
(Unna-Thost type) 


12q13 


306,330,331 


K2e 


Skin (upper stratum 
spinosum and lower stratum 
granulosum) 


600194 


Bullous ichthyosis of Siemens 


12q11-q13 


306,312-314 


K2p 


Hard palate 


- 


- 


Not known 


306 


K3 


Cornea 


148043 


Meesmann's corneal dystrophy 


12q13 


306,315-317 


K4 


Oral mucosa 


123940 


White sponge nevus 


12q13 


306,318,319 


K5 


Skin (basal cell layer), 
outer root sheath 


148040 


Epidermolysis bullosa simplex 


12q13 


306,308, 

320-322 


K6 


Oral mucosa, outer root sheath, 
palmoplantar skin, other skin 
areas under certain conditions 
such as wound healing 


148041, 

148042 


Pachyonychia congenita types 1 
and 2 


12q13 


306,323-326 


K7 


Simple epithelia, 
myoepithelial cells 


148059 


- 


12q12-q14 


306,321 


K8 


Simple epithelia 


148060 


Cryptogenic cirrhosis 


12q13 


306,327-329 
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Table lO.Type I keratins of epithelial cells, their site of expression, their OMIM numbers, their gene loci and diseases caused by 
their mutations 



Keratin 


Site of expression 


OMIM 


Related diseases 


Gene locus 


References 


K9 


Upper stratum spinosum and 
lower stratum granulosum of 
palmoplantar epidermis 


607696 


Epidermolytic palmoplantar 
keratoderma 


17q12-q21 


306,330,331 


K10 


Skin (stratum spinosum), 
inner root sheath 


148080 


Bullous congenital ichthyosiform 
erythroderma, epidermal nevus 
with epidermolytic hyperkeratosis 


17q21-q22 


306,308,310, 

333,334 


K12 


Cornea 


601687 


Meesmann's corneal dystrophy 


17q12 


306,317,335 


K13 


Oral mucosa 


148065 


White sponge nevus 


17q21-q22 


306,333,336 


K14 


Skin (basal cell layer), 
outer root sheath 


148066 


Epidermolysis bullosa simplex 


17q12-q21 


306,308,337, 

338 


K15 


Skin (basal cell layer) 


148030 


- 


17q21-q22 


306,318 


K16 


Oral mucosa, outer root sheath, 
palmoplantar skin, other skin 
areas under certain conditions 
such as wound healing 


148067 


Pachyonychia congenita type 1, 
focal non-epidermolytic 
palmoplantar Keratoderma 


17q12-q21 


306,308, 

338-340 


K17 


Epidermal appendages 


148069 


Pachyonychia congenita type 2, 
steatocystoma multiplex 


17q12-q21 


306,339,341 


K18 


Simple epithelia 


148070 


Cryptogenic cirrhosis 


12q13 


306,328,342 


K19 


Simple epithelia, epidermal 
appendages 


148020 


- 


17q21-q22 


306,343 


K20 


Gastrointestinal tract epithelia 




- 


Not known 


306 
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Intraepidermal 
Blistering Diseases 



These diseases are characterized histopathologically 
by formation of intraepidermal blisters and can be 
classified into four main groups. These are: 




Hereditary 

intraepidermal 

blistering 

diseases 


Autoimmune 

intraepidermal 

blistering 

diseases 


1. Familial benign 


1. Pemphigus 


chronic 


vulgaris 


pemphigus 

(Hailey-Hailey 


2. Pemphigus 


disease) 


foliaceus 


2. Epidermolysis 


3. Pemphigus 


bullosa simplex 


herpetiformis 


3. Bullous congenital 


4. IgA pemphigus 


ichthyosiform 

erythroderma 


5. Paraneoplastic 


4. Bullous ichthyosis 
of Siemens 

5. Incontinentia 
pigmenti in the 
vesicular stage 


pemphigus 



Bacterial and 


Miscellaneous 


viral induced 


intraepidermal 


intraepidermal 


blistering 


blistering diseases 


diseases 



Bullous impetigo 


1. 


Dyshidrotic eczema 


Staphylococcal 
scalded skin 


2. 


Friction blister 


syndrome 


3. 


Hydroa 

vacciniforme 


Herpes virus 
infection 
(Herpes simplex, 
Herpes zoster 
and Varicella) 


4. 


Miliaria crystallina 


Hand-foot- 

and-mouth 

disease 







M. Megahed, Histopathology of Blistering Diseases 
© Springer -Verlag Berlin Heidelberg 2004 
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Intraepidermal Blistering Diseases 



Hereditary Intraepidermal 
Blistering Diseases 



This group of diseases includes the following: famil- 
ial benign chronic pemphigus (Hailey-Hailey dis- 
ease), epidermolysis bullosa simplex, bullous con- 
genital ichthyosiform erythroderma and bullous 
ichthyosis of Siemens. 



Familial benign chronic pemphigus 

Synonym: Hailey-Hailey disease 

Familial benign chronic pemphigus is an intraepi- 
dermal bullous disease with an autosomal dominant 
mode of inheritance [344-346]. In only two-thirds of 
patients, however, is a family history obtained [347]. 
Familial benign chronic pemphigus was first de- 
scribed by the brothers Howard and Hugh Hailey in 
1939 [348]. Recent studies showed that the disease is 
due to mutation of ATP2C1 (ATPase, Ca++ transport- 
ing, type 2C-member)gene which is located on chro- 
mosome 3q2i-q24 [42] (OMIM 604384). 

ATP2C1 gene is the human homologue of an ATP- 
powered pump that sequesters calcium into the Gol- 
gi in yeast. The mechanism by which mutant ATP2C1 
causes blistering in familial benign chronic pemphi- 
gus is still unknown. 

Familial benign chronic pemphigus usually starts 
in the second or third decade of life but may also be- 
gin when people are younger or older [345-346]. The 
disease may also commence in childhood [349] and 
there is an equal incidence in both genders [345-346]. 

The primary lesions in familial benign chronic 
pemphigus are fiaccid blisters that arise on normal or 
erythematous skin [344-348] (Fig. 41). The blisters 
break easily leaving denuded areas which soon be- 
come crusted. The lesions tend to spread peripheral- 
ly with an active, often serpiginous border. 

In many cases the blisters are, however, rarely seen 
and the patients present with moist, red, fissured 
plaques (Fig. 42). The lesions develop mostly in the 
intertriginous areas (axillae, groins, inframammary, 
anticubital and perianal regions) and on the sides of 
the neck [344-348]. Sometimes the lesions also affect 
the trunk. In rare cases the disease may be gener- 
alised [350-351] or follow the Blaschko lines [352]. 
Type 2 segmental manifestation of familial benign 
chronic pemphigus was also reported [353]. Involve- 



Fig.41. Familial benign chronic pemphigus. Erosions and 
flaccid blisters with serpiginous borders on erythematous 
skin 



Fig.42. Familial benign chronic pemphigus. Red fissured 
plaque in the axilla 

ment of the mucosae (oral mucosa, larynx and oe- 
sophagus) was reported in few cases [354-355] . Famil- 
ial benign chronic pemphigus may be exclusively lo- 
calized to the anogenital region [356-358]. The le- 
sions in this area are usually verrucous and may be 
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mistaken for condylomata accuminata [356]. In addi- 
tion to the bullous lesions of familial benign chronic 
pemphigus, asymptomatic longitudinal white bands 
of fingernails have been observed [346, 359]. Ultravi- 
olet light, skin infections, friction, heat, sweating 
[344-346] and contact dermatitis [360] may precipi- 
tate or exacerbate the disease. In addition, patients 
with familial benign chronic pemphigus were report- 
ed to have an increased risk for the development of 
contact dermatitis to topical therapy [361]. 

The lesions heal usually spontaneously and with- 
out scarring after several months [344]. Recurrences 
are, however, the rule and usually occur in the same 
locations. Although the disease is in general benign, 
squamous cell carcinoma arising in vulvar lesions 
has been reported [362-364]. 

Histopathological Findings 

Familial benign chronic pemphigus begins as tiny 
foci of acantholysis. These foci are usually multiple 
and affect the lower part of the stratum spinosum 
(Fig. 43). With the progress of the disease the degree 
of acantholysis increases (Fig. 44) and leads to the 
formation of a suprabasal blister (Figs. 45-49). This is 
usually extensive and involves a considerable part of 
the width of the epidermis. The acantholytic cells in 
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familial benign chronic pemphigus tend to assume a 
polygonal shape and many of them are dyskeratotic 
with bright eosinophilic cytoplasm [365] (Figs. 45, 
48). Mostly, the acantholytic cells retain some con- 
nections and give the epidermis the appearance of a 
dilapidated brick wall [366] (Fig. 49). As a rule the ad- 
nexae are spared, however, in rare cases they may be 
involved [365]. The epidermis is usually hyperplastic 
with elongated rete ridges. A scale crust is most often 
present. In the dermis there is always superficial, 
perivascular and interstitial infiltrate of lympho- 
cytes. Sometimes plasma cells, neutrophils and 
eosinophils are also present. 

The histopathological differential diagnosis of fa- 
milial benign chronic pemphigus is pemphigus vul- 
garis and the Hailey-Hailey variant of Grover’s dis- 
ease. 

Although the histopathological differentiation be- 
tween familial benign chronic pemphigus and pem- 
phigus vulgaris is occasionally possible, a direct im- 
munofiuorescence examination is necessary to ex- 
clude pemphigus vulgaris. Points of distinction be- 
tween the two diseases are shown in Table 11. 

Familial benign chronic pemphigus and the Flai- 
ley-Hailey variant of Grover’s disease can not be dif- 
ferentiated histopathologically and clinical infor- 
mation is needed to be able to make a firm diagno- 
sis. 



Fig. 43. Very early lesion of familial be- 
nign chronic pemphigus displaying tiny 
foci of acantholysis and dyskeratotic ker- 
atinocytes. In the upper dermis there is 
perivascular and interstitial lymphocytic 
infiltrate 



Basket- weave 
cornified layer 

Dyskeratotic 

keratinocytes 



Tiny foci 
of acantholysis 




Lymphocytic 

infiltrate 







52 



Intraepidermal Blistering Diseases 



Chapter 3 



Basket-weave 
cornified layer 



Dyskeratotic 

keratinocytes 



Acantholytic 

keratinocytes 




Fig.44. An early lesion of familial 
benign chronic pemphigus. The de- 
gree of the acantholysis is increased 
and an intraepidermal blister is 
starting to form 
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Fig.45. Familial benign chronic pemphigus. A suprabasal acantholytic blister is formed.The acantholytic cells are polygonal and 
many of them are dyskeratotic having bright eosinophilic cytoplasm. The dyskeratotic cells are also present in the epidermis 
above the affected area. The epidermis is hyperplastic and has protuberant rete ridges 
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Fig.46. Fully developed lesion of familial benign chronic pemphigus.Suprabasal acantholytic blister affecting most of the width 
of the epidermis.The epidermis is hyperplastic with protuberance of the rete ridges.The acantholytic cells are polygonal and 
dyskeratotic.They retain some connection producing a crumbling brick wall appearance. There is also a scale-crust with elimi- 
nated dyskeratotic keratinocytes 
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Fig.47. Fully developed lesion of familial benign chronic pemphigus.There is a suprabasal acantholytic blister affecting most of 
the width of the epidermis which is hyperplastic and has protuberant rete ridges. There is a scale crust over the affected area 
and in the dermis a lymphocytic infiltrate is present 
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Fig.48. High magnification of a part 
of the section displayed in Figure 47 
showing the details of the acan- 
tholytic cells.They are polygonal and 
many of them are dyskeratotic 
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Fig.49. Fully developed lesion of familial benign chronic pemphigus displaying a suprabasal acantholytic blister affecting most of 
the width of the hyperplastic epidermis.The acantholytic cells have some connection forming a crumbling brick wall appearance 







Intraepidermal Blistering Diseases 



55 



Chapter 3 



Table 1 1 . Points of differentiation between familial benign chronic pemphigus and pemphigus vulgaris 





Benign familial chronic pemphigus 


Pemphigus vulgaris 


Acantholysis 


Extensive and involves most of the epidermis 
thickness and usually spares the adnexal 
epithelium 


Usually not extensive and extends far down 
the adnexal epithelium 


Acantholytic cells 


Polygonal and dyskeratotic with partial 
retention of cell orientation giving the 
appearance of a dilapidated brick wall 


Usually round and not dyskeratotic and there 
is mostly no dilapidated brick wall appearance 


Epidermis 


Hyperplastic with protuberant rete ridges 


Normal or slightly acanthotic 


Scale-crust 


Usually present 


Usually not present 


Direct 

immunofluorescence 
of perilesional skin 


Negative 


Positive showing intercellular deposition 
of IgG and/or C3 on the cell surface of 
keratinocytes 



Epidermolysis bullosa simplex 

Epidermolysis bullosa simplex (EBS) is a group of ge- 
netic disorders characterised by trauma-induced in- 
traepidermal blister formation [367,368]. The under- 
lying molecular defects were recently revealed in all 
variants of EBS and found to be mutations of keratin 
5 (K5) [322, 369-371], keratin 14 (K14) [43,337,372] or 
plectin [124] genes. K5 and K14 form the KIF of basal 
keratinocytes which give these cells structural re- 
silience against traumatic damage [308]. K5 and K14 
genes have been cloned and mapped to chromo- 
somes I2qi3 [43] and I7qi2-q2i [321], respectively. 
Plectin is a cytoskeleton associated attachment pro- 
tein which is present in the hemidesmosomal inner 
plaque of the basal keratinocytes and the sarcolem- 
ma of the muscle cells [374]. Plectin gene was recent- 
ly cloned and mapped to chromosome 8q24 [128]. 
Mutations of K5, K14 or plectin genes result in fragile 
basal keratinocytes which rupture on slight trauma 
with formation of intraepidermal blisters [308, 374]. 

The following variants of EBS have been recog- 
nised: 

1.EBS,Kobner(EBS-K) 

Synonym: Generalised EBS 

This type of EBS starts at birth and is characterised 
by generalised tense blisters that heal without scar- 
ring [14, 367, 368]. Oral mucosa is rarely involved. 
Hair, nails and teeth are normal. The mode of inheri- 
tance is autosomal dominant and the molecular de- 



fect is mutations of K5 or K14 genes [43,369]. Recent- 
ly, autosomal recessive form of EBS-K was reported 
and found to be due to mutation of K14 gene [375]. 

2. EBS,Weber-Cockayne (EBS-WC) 

Synonyms: Localised EBS, EBS of hands and feet 

This type of EBS starts in the first to third decade of 
life and is characterised by tense blisters which are 
largely confined to hands and feet usually at points of 
frictions [367, 368, 376, 377] (Fig. 50). Calluses are 
always present. Oral mucosa, hair, nails and teeth 
are normal. The mode of inheritance is autoso- 
mal dominant and the molecular defects are muta- 
tions of K5 or K14 genes [370, 372]. Like EBS-K an au- 
tosomal recessive form of EBS-WC was reported. 
This was found also to be due to mutation of K14 gene 
[378]. 

3. EBS with mottled pigmentation (EBS-MP) 

This type of EBS starts at birth and is characterised 
by generalised blisters and 2- to 5-mm hyper- and 
hypo-pigmented spots giving the skin, especially that 
of the limbs, a mottled dirty appearance [379]. Pre- 
mature aging of the skin, mild bruising of the legs 
and longitudinally curved nails are other associated 
changed features. The mode of inheritance is autoso- 
mal dominant and the molecular defect is mutation 
of K5 gene [371]. Mutation of this keratin accounts for 
the blister formation but not for the pigmentary 
changes. 
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4.EBS, Dowling-Meara (EBS-DM) 

Synonym: EBS herpetiformis 
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This type of EBS starts at birth or within the first 
three months of life and is characterised by grouped 
blisters on the extremities and trunk [380,381]. Cen- 
tral healing with recurrent blistering at the margins 
is frequent (Fig. 51). Other physical signs include 
varying degrees of intraoral blisters, nail dystrophy, 
nail shedding, minor scarring and palmoplantar ker- 
atoderma. Hair and teeth are normal. Improvement is 
observed with advancing age. The mode of inheri- 
tance is autosomal dominant and the molecular de- 
fects are mutations of K5 [322] or K14 [337] genes. 

5. EBS with muscle dystrophy (EBS-MD) 

Synonym: Epidermolysis bullosa simplex 
and limb-girdle muscular dystrophy 

This type of EBS represents a unique variant charac- 
terised by blister formation and muscle dystrophy 
[i33> 374]- The blistering starts at birth or during the 
first 10 days of life while the muscle dystrophy has a 
late onset and was reported at ages ranging between 
2 and 36 years. Other changes that may occur include 
atrophic scarring, nail dystrophy, scalp alopecia and 
intraoral blisters. The mode of inheritance is autoso- 
mal recessive and the molecular defect is mutation of 
plectin gene [124]. Plectin performs critical structur- 
al interactions in the hemidesmosomes of the skin as 
well as in the sarcolemma of the muscles. Its mutation 
explains, therefore, the phenotype of skin blistering 
and muscle dystrophy in patients with this disease 

[374]. 

6. EBS, Ogna 

This variant of EBS was first described in 1971 by Ged- 
de-Dahl in a large Norwegian kindred living in the 
town of Ogna [382]. Recently, it was also reported in a 
German family [373]. It starts at infancy and is char- 
acterised by the occurrence of skin bruising in addi- 
tion to blister formation which may be localised or 
generalised. Hair, nails and teeth are normal. The 
mode of inheritance is autosomal dominant and the 
molecular defect was recently identified and found to 
be mutation of plectin gene [373]. 




Fig. 50. EBS, Weber-Cockayne. Note the blister formation at 
the points of friction on the heel and side of the big toe 
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Fig. 51. Widespread grouped bullae, erosions and crusts on 
the upper limb of an infant with BBS, Dowling-Meara. Many of 
the bullae are haemorrhagic and some are present at the mar- 
gins of already healed lesions 



The clinical features, mode of inheritance and un- 
derlying molecular defects in addition to the OMIM 
numbers of the different variants of EBS are sum- 
marised in Table 12. 



Histopathological Findings 

The histopathology of all variants of EBS is similar 
and correlates well with the molecular defects i.e., 
mutations of K5, K14 or plectin. These proteins are 
produced by basal keratinocytes and represent im- 
portant components for their integrity. Mutations of 
these proteins interfere with their proper function 
and result in fragility of the basal keratinocytes. The 
initial changes are therefore cytolysis which appears 
histologically as small vacuoles within the cytoplasm 
of the lower parts of the basal keratinocytes (Fig. 52). 



In some patients the keratinocytes in the affected ar- 
eas lose their normal configuration and assume a 
spindle shape (Figs. 52, 53). Dermal oedema and 
sparse infiltrate of lymphocytes and few eosinophils 
and or neutrophils are always present. With time, the 
vacuoles coalesce forming an intraepidermal blister. 
The floor of the blister consists of the lower parts of 
the basal keratinocytes which usually become com- 
pressed and form together with the underlying BM 
zone a homogenous eosinophilic band (Figs. 53, 54). 
The roof of the blister consists of the upper parts of 
the basal keratinocytes, stratum spinosum, stratum 
granulosum and stratum corneum. The blister in- 
creases gradually in size and may rupture resulting in 
formation of a sub epidermal blister. Reepithelialisa- 
tion of the epidermis may occur beneath the latter 
(Fig. 55). Cytolysis and initial blisters are usually seen 
at the side of the reepithelised blister (Fig. 56). 








Table 1 2. Variants of EBS. Features and molecular defects 
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Fig. 52. A very early BBS lesion showing cytolysis of the basal keratinocytes.The keratinocytes in the affected area have lost their 
normal configuration and assumed a spindle shape. The remainder of the basal keratinocytes form together with the BM zone 
a thick eosinophilic band (arrowhead) 
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Fig. 53. An early BBS lesion. At the level of basal keratinocytes there is cytolysis in addition to an initial blister. The remainder of 
the basal keratinocytes form together with the BM zone a thick eosinophilic band which forms the floor of the blister (arrow- 
head). Keratinocytes in the affected area have lost their normal configuration and show a spindle shape. In the upper dermis 
there is sparse infiltrate of lymphocytes and a few eosinophils 
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Fig.54. An early BBS lesion showing a small intraepidermal blister at the level of the basal keratinocytes. The remainder of the 
basal keratinocytes and the BM zone form a thick eosinophilic band which represents the floor of the blister (arrowhead). In the 
upper dermis there is sparse infiltrate of lymphocytes and a few neutrophils 
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Fig.55. BBS lesion showing subepidermal blister with reepithelialisation of the epidermis.This ist not a primary subepidermal 
bister because it resulted from rupture of an intraepidermal one 
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Fig. 56. At the side of the large blister dis- 
played in Figure 55, cytolysis and initial 
blister are present indicating that the dis- 
ease is still active 



Cytolysis 



Initial blister 




Bullous congenital ichthyosiform erythroderma 

Synonyms: Epidermolytic hyperkeratosis, 
bullous congenital ichthyosiform erythroderma 
of Brocq 

Bullous congenital ichthyosiform erythroderma 
(BCIE) is a genetic skin disorder caused by mutations 
in Ki [310, 383, 384] or Kio genes [310, 383] . It was first 
described by Brocq in 1902 [385]. The mode of inher- 
itance is autosomal dominant, however, a positive 
family history is obtained in only 50% of cases [386]. 

Mutations of Ki and Kio interfere with the proper 
formation of KIF and lead to degeneration of the 
keratinocytes. The degeneration occurs in the supra- 
basal layers of the epidermis because these keratins 
are expressed in these layers [308]. 

Clinically the disease is characterised by gener- 
alised erythema, blistering and hyperkeratosis [385, 
387-389]. The erythema and the blistering are usual- 
ly manifested at or shortly after birth. The blisters 
may be present over large areas and progress to de- 
nuded skin (Fig. 57). This maybe complicated by elec- 
trolyte imbalance, secondary infection and sepsis. 
During infancy, the erythema and the blistering be- 



come less prominent and hyperkeratosis begins 
(Figs. 58, 59). The latter is usually localised to flexural 
areas, knees, elbows, palms and soles but may be gen- 
eralised in severe cases (Fig. 58). The hyperkeratosis 
persists throughout life, is greasy-looking and has 
ridge-like scales, especially in the bends of the elbows 
and the knees (Fig. 60). The severity of BCIE is relat- 
ed to the location of the mutations within Ki and Kio 
genes and the degree to which these mutations per- 
turb KIF structure [390]. 

Annular epidermolytic ichthyosis 

Annular epidermolytic ichthyosis is a clinical variant 
of BCIE that was recently described [391]. It is also 
called cyclic ichthyosis with epidermolytic hyperker- 
atosis [392]. Individuals with this disease present 
with erythema and blisters at birth or during the 
neonatal period and hyperkeratotic lichenoid 
plaques in the friction areas at later ages [391-392]. 
Characteristically, they also develop intermittent 
bouts of annular and polycyclic, erythematous scaly 
plaques on the trunk and proximal extremities. An- 
nular epidermolytic ichthyosis was found to be due 
to mutations in Ki [392] and Kio [393] genes. 
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Fig. 57. A neonate with bullous congenital ichthyosiform erythroderma. There is wide spread erythema with blistering, denud- 
ed areas and crusts 





Fig.58. Bullous congenital ichthyosiform erythroderma. This is the pa- 
tient displayed in Figure 57 but in late infancy. The erythema and the 
blistering have been reduced greatly and replaced by hyperkeratosis. 
In addition denuded areas are present within the hyperkeratosis A. 
These areas represent ruptured blisters or shed scales. In this severe 
case, the hyperkeratosis affects almost the whole integument with ac- 
centuation on the palms and soles B 



A 
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Fig. 59. Bullous congenital ichthyosiform 
erythroderma in a 3-year-old child. There 
is localised hyperkeratosis over the knees, 
palmar hyperkeratosis, erosions, crusts 
and flaccid blisters 




Fig. 60. Adult patient with bullous congenital ichthyosiform 
erythroderma.The scales at the bend of the elbow have corru- 
gated patterns. There is also a denuded area which results 
from the scales shedding 
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Histopathological Findings 

BCIE is due to mutations of Ki or Kio genes. These 
keratins form the KIF of most of the suprabasal lay- 
ers of the epidermis. Mutations of these keratins per- 
turb the KIF in these layers and result in the forma- 
tion of fragile keratinocytes which degenerate on ex- 
posure to physical stress [394,395]. 

Degenerated keratinocytes in the suprabasal lay- 
ers of the epidermis are therefore the main histologi- 
cal changes in BCIE (Figs. 61-63). These ker- 
atinocytes appear vacuolated and have eosinophilic 
cytoplasmic materials which may represent KIF 
clumps. Their cell boundaries are indistinct and 
feathery giving the epidermis a reticulated appear- 
ance (Fig. 61). 

With progress of the disease, the affected ker- 
atinocytes rupture and intraepidermal blisters form. 
The rate of keratinocyte turnover in BCIE is abnor- 
mally high [396,397]. This reflects itself histopatholog- 
ically as epidermal hyperplasia, hypergranulosis and 
hyperkeratosis (Figs. 61-63). The hyperplastic epi- 
dermis is usually papillated. The blood vessels in the 
upper dermis are dilated (Fig. 63A) which explains the 
clinical erythema. Usually there is superflcial perivas- 
cular and interstitial sparse lymphocytic infiltrate. 

The histological changes in BCIE (degenerated 
keratinocytes in the suprabasal layers of the epider- 
mis, epidermal hyperplasia, hypergranulosis and hy- 
perkeratosis) are designated as epidermolytic hyper- 
keratosis a term which was first introduced in 1966 by 
Frost and van Scott [398]. 



Epidermolytic hyperkeratosisis is, however, not 
specific for BCIE and may also be seen in other 
diseases [365, 399] such as epidermal nevus of 
the epidermolytic hyperkeratotic type and epider- 
molytic acanthoma (Figs. 64, 65). Table 13 sum- 
marises the diseases which are histologically cha- 
racterised by epidermolytic hyperkeratosis [400- 

405]. 

The histology alone is therefore not enough to 
make an exact diagnosis of BCIE and should be cor- 
related with the clinical features and the results of 
mutation analysis. 



Table 13. Diseases which histopathologically simulate bul- 
lous congenital ichthyosiform erythroderma 

1 . Ichthyosis hystrix of Curth-Macklin [400] 

2. Epidermolytic palmoplanter keratoderma 
ofVorner [401] 

3. Ichthyosis bullosa of Siemens [402] 

4. Epidermal nevus of epidermolytic hyperkeratotic 
type [403] 

5. Epidermolytic acanthoma [404, 405] 

NB Degenerated vacuolated feathery keratinocytes may also 
be found superimposed on the features of unrelated patho- 
logical processes for example Bowen's disease or may be 
found incidentally confined to a single rete ridge in normal 
skin [365,399] 
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Fig.61 . Bullous congenital ichthyosiform erythroderma. The epidermis is hyperplastic and papillated with hypergranulosis and 
hyperkeratosis.There is degeneration of keratinocytes which is restricted to the suprabasal layers of the epidermis but affects 
almost its entire length. In the upper dermis the blood vessels are dilated (arrowhead) 
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Fig.62. Bullous congenital ichthyosiform erythroderma. The keratinocyte degeneration occurs only in the suprabasal layers of 
the epidermis and the affected keratinocytes appear vacuolated and feathery. They lack distinct boundaries giving the epider- 
mis a reticulated appearance.The basal cell layer and the lower part of the stratum spinosum are not affected. The epidermis is 
hyperplastic with hyperkeratosis and hypergranulosis 
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Fig.63. A Another example of bullous congenital ichthyosiform erythroderma. There is hyperkeratosis, hypergranulosis, epider- 
mal hyperplasia and vacuolated feathery degenerated keratinocytes. Blood vessels in the dermis are widely dilated which ac- 
count for the erythema that occurs in this disease.The keratinocytes degeneration spare the basal cell layer and the lower stra- 
tum spinosum. This is because these layers do not express K1 and K1 0 as demonstrated in B which displays normal skin stained 
with antibodies to K1 



Fig.65. Epidermolytic acanthoma.This is another example of other diseases which are characterised histopathologically by epi- ► 
dermolytic hyperkeratosis. Epidermolytic acanthoma was first described by Shapiro et al. in 1 970[404] and may be localised or 
disseminated [405] 
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Fig. 64. Epidermal nevus of the epidermolytic hyperkeratotic type. Such nevi have histological features similar to bullous con- 
genital ichthyosiform erythroderma i.e., degenerated vacuolated feathery keratinocytes. They are clinically characterised by a 
mosaic pattern, often with alternating stripes of affected and unaffected skin that follow the lines of Blaschko.The molecular 
defect was found to be somatic mutation of K1 or K1 0 gene of keratinocytes from lesional skin [334,406,407]. Cases of bullous 
congenital ichthyosiform erythroderma in offspring of progenitors with epidermal nevus of the epidermolytic hyperkeratotic 
type have been reported [407-409]. Epidermal nevus of the epidermolytic hyperkeratotic type is considered therefore by some 
as a mild form of bullous congenital ichthyosiform erythroderma [407] 
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Ichthyosis bullosa of Siemens 

Synonym: Ichthyosis exfoliativa 

Ichthyosis bullosa of Siemens (IBS) is an autosomal 
dominant disorder resulting from mutations of Kie 
gene [314, 410]. The disease was first described by 
Siemens in 1937 [411] and largely overlooked until re- 
discovered by Traupe in 1986 [412]. Clinically it is 
characterised by blistering and localised lichenified 
hyperkeratosis mainly confined to the limbs 
[411-416]. There are also areas of superficial peeling 
of the skin known as the “Mauser ung phenomenon”. 
Mauserung comes from German word Mauser which 
means moulting. The blistering and the skin peeling 
are evident from birth but the hyperkeratosis devel- 
ops in later weeks. Generalised erythema since birth 
was also reported in some patients. The disease be- 
comes milder with increasing age so that in most 
middle-aged patients there is only localised licheni- 
fied hyperkeratosis mainly around the knees and el- 
bows. 



Histopathological Findings 

IBS is characterised histopathologically by the pres- 
ence of degenerated vacuolated keratinocytes con- 
fined to the uppermost part of the stratum spinosum 
and to the granular layer [411-416]. This correlates 
well with the molecular defect i.e., mutation of Kie 
gene because the expression of this keratin was found 
to be restricted to these layers. With the progress of 
the disease, the affected keratinocytes rupture and an 
intraepidermal blister forms (Figs. 66-68). The epi- 
dermis is hyperplastic and there is hyperkeratosis 
and hypergranulosis. 
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Fig.66. Ichthyosis bullosa of Siemens.The degenerated keratinocytes and the intraepidermal blisters are confined to the stra- 
tum granulosum and the uppermost part of the stratum spinosum correlating with the molecular defect i.e., mutation of K2e 
gene because the expression of this keratin was found to be restricted to these areas 
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Fig.67. Ichthyosis bullosa of Siemens. Hyperkeratosis, hypergranulosis and intraepidermal blisters are seen in the stratum gran- 
ulosum and the uppermost part of the stratum spinosum 
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Fig.68. Another example of ichthyosis bullosa of Siemens. Hyperkeratosis, hypergranulosis and epidermal hyperplasia are seen. 
The intraepidermal blisters are localized in the stratum granulosum and the upper part of the stratum spinosum. They result 
from the rupture of the mutant keratinocytes 
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Incontinentia pigmenti 

Synonym: Bloch-Sulzberger syndrome 

Incontinentia pigmenti (IP), which was first de- 
scribed by Bloch in 1926 [417] and later by Sulzberg- 
er in 1928 [418], is an X-Iinked dominant multisystem 
disorder that results from mutations in the gene cod- 
ing for the nuclear factor-KB essential modulator 
(NEMO) [419]. The NEMO gene (OMIM 300248) also 
known as IKKy is mapped to chromosome Xq28 and 
consists of 10 exons traversing 23 kb of the human 
genome [419-421]. Nuclear factor (NF)-kB essential 
modulator is a transcription factor which plays an 
important role in regulating the immune and infiam- 
matory responses and protects cells from undergoing 
apoptosis in response to cellular stress [422, 423]. 

IP is a rare disease and only about 700 cases have 
been reported [424]. It affects exclusively females and 
is lethal in males [425]. When it occurs in a liveborne 
male two possibilities may explain the survival [425]. 
First, the affected male has Klinefelter syndrome with 
47,XXY karyotype. Second, the affected male has nor- 
mal karyotype and survives due to mosaicism of 



NEMO gene resulting from somatic postzygotic mu- 
tation or gametic half chromatid mutation. 

IP has cutaneous and extracutaneous manifesta- 
tions [426, 426]. The extracutaneous manifestations 
that are the main problems of these patients affect the 
teeth (70%), the eyes (25-30%) and the central nerv- 
ous system (30%), and are displayed in Table 14 [426]. 

The cutaneous manifestations are unique and 
evolve classically through three to four stages [386, 
424, 426]. In the first stage (vesicular stage) there are 
tense blisters on normal or erythematous skin (Fig. 
69). These blisters are apparent at birth or during the 
first days or weeks of life and are associated with leu- 
cocytosis and eosinophilia. The blisters last for a few 
weeks and are then replaced by hyperkeratotic 
papules and plaques (hyperkeratotic stage). The 
vesicular and hyperkeratotic stages usually overlap 
(Fig. 70). After a few months the hyperkeratotic 
changes drop off leaving hyperpigmented areas (pig- 
mented stage). These pigmented lesions persist for 
several years and may disappear in adulthood leaving 
hypopigmented atrophic areas (atrophic stage). 

The cutaneous changes of IP occur along the 
Blaschko lines. These lines represent the normal em- 
bryonic movements of the skin during embryogene- 




Fig.69. Incontinentia pigmenti, vesicular stage. Tense blisters 
on normal and erythematous skin arranged along the lines of 
Blaschko on the leg of a neonate 



Fig. 70. Incontinentia pigmenti. Transition between the vesic- 
ular stage and the hyperkeratotic stage. Blisters, crusts and 
keratotic plaques along the lines of Blaschko on the leg of an 
infant 
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sis [427] and form a V shape over the spine and an S 
shape on the lateral and anterior aspects of the trunk 
[428, 429]. On the limbs the lines run in a perpendi- 
cular direction and on the abdomen they form 
whorls. On the scalp they are arranged in a spiral 
pattern, arising from the front and the temples and 
converge at the vertex [430]. Functional mosaicism 
secondary to the Lyon effect of random X-chromo- 
somal inactivation may explain the distribution of 
the cutaneous lesions in IP along the Blaschko lines 

[431]. 

In addition to the aforementioned cutaneous 
changes, nail dystrophy and alopecia (scarring and 
non-scarring) have been reported in some patients 
with IP [426]. In addition, immune dysfunction and 
haematopoietic disturbance have been observed in 
some males with IP [432]. 



Table 14. Extracutaneous manifestations of incontinentia 
pigmenti [426] 

Dental changes (70%) 

1. Hypodontia 

2. Anodontia 

3. Conical teeth 

4. Delayed eruption 

5. Enamel disorder 

Ophthalmologic change (25-30%) 

1. Strabismus 

2. Cataract 

3. Optic atrophy 

4. Keratitis 

5. Retinal vascular abnormalities 

6. Retinal pigment epithelium abnormalities 

7. Blindness 

Neurological changes (30%) 

1. Mental retardation 

2. Seizures 

3. Hemiparesis 

4. Spasticity 
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Histopathological Findings 

The vesicular lesion of IP is characterised histo- 
pathologically by formation of intraepidermal blis- 
ters which contain many eosinophils (Figs. 71, 72) 
[365, 400]. There are also ballooned and dyskeratotic 
(apoptotic) keratinocytes. The dyskeratotic ker- 
atinocytes may be numerous especially in lesions 
which represent transition between the vesicular and 
the verrucous stage. Epidermal hyperplasia, spongio- 
sis and exocytosis of eosinophiles also occur. In the 
dermis there is perivascular and interstitial infiltrate 
of lymphocytes and many eosinophils. Neutrophils 
may also be present within the epidermis, in the in- 
traepidermal blisters and in the dermal infiltrate. 
Subepidermal blisters may form secondary to rup- 
ture of the intraepidermal ones. 

Recently, NEMO knockout mice have been created 
[433, 434]. The male mice die in utero due to massive 
liver apoptosis while female mice (heterozygous for 
NEMO gene) survive and develop a skin phenotype 
which resembles clinically and histopathologically 
that observed in IP patients. The skin changes in 
these animals also occur in stages that correlate to the 
different stages described for IP. These results suggest 
that mutations of NEMO gene are the cause of the 
clinical and histological changes occurring in the 
skin of patients with IP. Flow the mutant NEMO gene 
causes these changes is not exactly known. Flowever, 
it is proposed that NEMO deficient cells trigger an in- 
flammatory reaction that results in increase of prolif- 
eration and apoptosis of keratinocytes [433, 434]. 

The cause of the accumulation of eosinophils in 
the epidermis in the vesicular stage of IP was recent- 
ly reported to be due to induction of epidermal ex- 
pression of eotaxin [435] which is a direct chemotac- 
tic for eosinophils [436]. 

Spongiosis, keratinocytes ballooning, keratino- 
cytes apoptosis and release of eosinophils proteases 
maybe the cause of blister formation in the vesicular 
stage of IP. 
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Fig. 71 . Histopathology of incontinentia pigmenti in the vesicular stage showing apoptotic keratinocytes and intraepidermal 
blisters which contain eosinophils and neutrophils.The epidermis is acanthotic and there are many eosinophils and neutrophils 
within it. In the upper dermis perivascular and interstitial lymphocytic infiltrate with eosinophils and neutrophils can be seen 
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Fig. 72. Histopathology of incontinentia pigmenti in the vesicular stage. There are ballooning and apoptosis of keratinocytes 
with formation of intraepidermal blisters which contain numerous eosinophils and neutrophils. In the upper dermis perivascu- 
lar and interstitial infiltrate of lymphocytes, eosinophils and netrophils can be seen 
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Autoimmune Intraepidermal Blistering 
Diseases 



These diseases include the following: pemphigus vul- 
garis, pemphigus foliaceus, paraneoplastic pemphi- 
gus, IgA pemphigus and pemphigus herpetiformis. 



Pemphigus vulgaris 

Pemphigus vulgaris (PV) is a potentially fatal au- 
toimmune intraepidermal blistering disease of the 
skin and mucous membranes [437, 438]. Patients with 
PV have circulating IgG autoantibodies against Dsg3 
[41, 439], a 130-kDa transmembrane glycoprotein 
which belongs to cadherin super family of cell- cell 
adhesion molecules and represents a normal con- 
stituent of desmosomes of stratified squamous ep- 
ithelium. For more details about Dsg3 see CHAPTER 
2. The circulating autoantibodies in PV were found to 
be pathogenic and responsible for blister formation 

[440] . However, how these antibodies mediate the 
blister formation, is not exactly known. Most proba- 
bly they interfere directly with Dsg3 function on 
binding to it [35]. As a consequence, the keratinocytes 
lose their adhesion and come apart; a process known 
as acantholysis [18, 22]. 

Studies of class II MHC genes have shown that in- 
dividuals with certain polymorphisms in the DR4 

[441] (as is the case in Ashkenazi Jews) or DRw6 [442] 
(as is the case in other ethnic groups) alleles are sus- 
ceptible to PV. These alleles were suggested to allow 
the presentation of Dsg3 peptides to T lymphocytes 

[443]. 

PV affects both genders equally [438] and occurs 
mostly in patients between the fourth and sixth 
decade [444]. However, any age may be affected in- 
cluding children and neonates [445]. PV is more com- 
mon in the Jewish population. Its incidence depends 
therefore on the population studied [438]. In 
Jerusalem where there are many Jews, the incitence is 
1.6 per 100,000. In Finland where there are few Jews, 
the incitence is 0.76 per million [438]. 

The primary lesion of PV is a fiaccid blister that 
arises on normal or erythematous skin [437, 438, 444, 
446] (Fig. 73). The blisters are fragile and break rap- 
idly leaving denuded, bleeding, weeping lesions 
which later become crusted (Figs. 74-76). If friction 
or pressure is exerted on apparently normal skin, a 
blister can be induced (Nikolsky’s sign I) [446]. If 
downward pressure is applied to a blister it will ex- 



tend laterally (Nikolsky’s sign II) [446]. Nikolsky’s 
signs are, however, not specific for PV and can also be 
induced in other blistering diseases such as toxic epi- 
dermal necrolysis [437]. The blisters of PV maybe lo- 
calized or generalised and any area of the skin may be 
involved, although the predilection sites are the scalp, 
face, axillae and oral cavity [437]. This may be due to 
the fact that Dsg3 is expressed most at these sites 
[447]. The lesions heal without scarring but with 
transient hyperpigmentation [437]. About 90% of pa- 
tients with PV have oral involvement and in approxi- 
mately 50% to 70% the disease starts in the oral cavi- 
ty [437]. The lesions may affect the entire oral cavity 
but they mostly occur on the buccal, palatal and gin- 
gival mucosae. In rare instances PV may remain en- 
tirely confined to the oral cavity [448]. Since the blis- 
ters are fragile they easily break and erosions in addi- 
tion to ulcerations are the usual findings [449] (Figs. 
77, 78). These are painful and continuously present. In 
some cases PV may be initially presented as desqua- 
mative gingivitis [450] (Fig. 79) (for more details 
about desquamative gingivitis (see CHAPTER 4 pages 
187-188). Nasal, pharyngeal, laryngeal, oesophageal, 
labial (Fig. 80), vaginal, cervical, urethral and anal 
mucosae in addition to the conjunctiva may also be 
affected [451-457]. 

Recent studies have shown that PV patients with 
mainly mucous membrane lesions have only anti- 
Dsg3 antibodies [458-460]. Later with progression of 
the disease to generalised PV involving mucous 
membranes and the skin they develop additional an- 
tibodies to Dsgi. For more details about Dsgi see 
also CHAPTER 2. As in anti-Dsg3 antibodies, anti- 
Dsgi antibodies were found to be pathogenic in PV 
[461]. 

These recent observations lead to the classification 
of PV into mucosal dominant PV and mucocuta- 
neous PV where in the former the patients present 
mainly with mucous membrane lesions and have 
only anti-Dsg3 antibodies and in the latter they devel- 
op additional extensive skin lesions and have anti- 
bodies to both Dsg3 and Dsgi [260]. 

Shortly two PV patients with circulating auto anti- 
bodies to the newly identified Dsg4 was reported 
[53a]. Whether anti-Dsg-4 antibodies are also patho- 
genic in PV remain to be determined. 

PV is a severe disease which if left untreated is 
usually fatal [437, 438]. The course of the disease is 
protracted with remission and relapses. The frequen- 
cy of relapses varies widely with intervals between 
fiare-ups range from 2 months to 10 years [437]. Prior 
to the advent of gluco corticosteroids the mortality 
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rate was very high and varied between 6o% and 90% 
[462]. Currently, and despite all new therapeutic 
modalities, the disease is still grave and has a mortal- 
ity rate of 5% [463]. Most of these patients succumb 
to treatment complications rather than to the disease 
itself. 

PV may convert to pemphigus foliaceus with a 
shift in the clinical picture, the histopathology in ad- 
dition to the antidesmoglein antibody profile proba- 
bly as a result of epitope spreading [464, 465]. 

Mothers with PV may transmit their PV autoanti- 
bodies to the foetus with development of neonatal PV 
[445, 466]. The affected infants display typical clini- 
cal, histological and immunopathological signs of 
PV Neonatal PV has not been reported to progress to 
adulthood and the lesions tend to disappear sponta- 
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neously within about 3 weeks as the maternal anti- 
bodies are catabolised [438, 445, 466]. PV may also be 
associated with adverse neonatal outcome, such as fa- 
tal growth restriction, preterm birth and intrauterine 
foetal death [467, 468]. 

PV may be exacerbated by UV-light [469]. It may 
also be induced by drugs mostly D -penicillamine and 
captopril [438]. Both of these drugs have sulphhydryl 
groups which suggest interaction with the sulph- 
hydryl groups of Dsgi and/or Dsg3, interfering di- 
rectly with their function as adhesion molecules. In 
the majority of patients with drug-induced pemphi- 
gus vulgaris the disease resolves by stopping the 
causative drug. In addition, pregnancy may precipi- 
tate or aggravate PV [467, 468]. 



Fig. 73. Pemphigus vulgaris. Flaccid blis- 
ters on normal and erythematous skin 





Fig. 74. Pemphigus vulgaris. Large weep- 
ing erosions resulting from rupture of the 
blisters 
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Fig. 75. Pemphigus vulgaris (mucocutaneous form). In this pa- 
tient the disease started in the oral mucosa and the lips A. Lat- 
er, extensive skin lesions developed B. According to recent 
studies patients with the mucocutaneous form of pemphigus 
vulgaris have autoantibodies to both Dsgl and Dsg3 




Fig. 76. Pemphigus vulgaris (mucocutaneous form). Note the 
erosions and crusts on the nose as well as the erosions of the 
lower lip and frenulum of the tongue 



Buccal 

mucosa 




Fig. 77. Mucosal form of pemphigus vulgaris affecting 
mandibular buccal gingiva and buccal mucosa. Patients with 
this form of pemphigus vulgaris only have autoantibodies to 
Dsg3 
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Fig. 78. Three cases of mucosal form of pemphigus vulgaris af- 
fecting the tongue (A), hard palate (B) and buccal mucosa (C). 
Since the blisters of pemphigus vulgaris are fragile they easily 
break and erosions are the usual findings. These are painful 
and often covered with white sloughing material 



Fig. 79. Mucosal form of pemphigus vulgaris presenting as 
desquamative gingivitis 




Fig. 80. Mucosal form of pemphigus vulgaris affecting the 
labia major. The patient also had lesions of the oral mucosa 
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Histopathological Findings 

The fully developed PV lesion is characterised histo- 
logically by the formation of an intraepidermal blis- 
ter located in most cases immediately above the basal 
layer of the epidermis (suprabasal). However, in some 
patients it forms also in the lower part of the stratum 
spinosum [400] (Figs. 82-85). The location of PV blis- 
ters at these sites correlates well with the distribution 
of Dsg3 in the epidermis where it is mainly present in 
the desmosomes of the basal layer and the lower part 
of the stratum spinosum [76]. 

The blister in PV results from the loss of ker- 
atinocytes cohesion (acantholysis), most probably as 
a consequence of interference with the adhesion 
functions of desmosomal proteins via the circulating 
anti-desmogleins autoantibodies [35]. Since there are 
no desmosomes in the basement membrane zone, 
basal keratinocytes remain attached to it but are lat- 
erally detached. This results in the formation of a 
characteristic picture known as “rows of tombstones” 
which was first reported by Director in 1952 [477] 
(Fig. 85). 



Pemphigus vegetans 

Pemphigus vegetans with its two described forms 
(Neumann [470] and Hallopeau [471]) is a rare vari- 
ant of pemphigus vulgaris in which tumid vegetating 
lesions occur especially at intertriginous sites [472, 
473] (Fig. 81 A). Early in its course, the lesions are sim- 
ilar to those of PV, however, later in the course the le- 
sions become hypertrophic and papillomatous, par- 
ticularly in the intertriginous areas. Cerebriform 
tongue has been reported in up to 50% of patients 
with pemphigus vegetans [374] (Fig. 81 B). Presently, 
the distinction between the Neumann and Hallopeau 
types of pemphigus vegetans is considered of only 
historical interest [473], and Hallopeau himself re- 
vised his opinion and stated that his disease is just a 
localised suppurative form of Neumann’s disease 
[475]. As in PV, Dsg3 is the autoantigen of pemphigus 
vegetans [476]. 



Fig.81. A patient with pemphigus vegetans showing flaccid blisters, erosions and vegetating leisons at the inguinal region (A) 
as well as cerebriform tongue (B). There are also erosions of the lingual mucosa and vegetating lesions of the lip 
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The blister contains serum and acantholytic ker- 
atinocytes (Figs. 82-85). The latter are present in clus- 
ters or singly and appear rounded, eosinophilic and 
may have large hyperchromatic nuclei. 

The presence of acantholytic keratinocytes in 
pemphigus was first described by Heinrich Auspitz, 
in 1881 [22] and later by Achilles Civatte, in 1943 [18]. 
A smear taken from the base of the blister and 
stained with Giemsa’s or Papanicolaou’s stain allows 
rapid demonstration of these acantholytic ker- 
atinocytes (Fig. 86). This cytological examination 
was first introduced by Tzanck in 1948 [24]. The 
Tzanck test is, however, not diagnostic because acan- 
tholytic keratinocytes may also be seen in various 
blistering or pustular diseases [400]. The acantholy- 
sis in PV frequently affects the epithelium of the ad- 
nexae [365] (Fig. 87). 

In some patients with PV we have seen widespread 
and extensive acantholysis affecting nearly the whole 
epidermis including the stratum granulosum. 

The underlying dermis may show slight to moder- 
ate perivascular and interstitial lymphocytic infil- 
trate with eosinophils and/or neutrophils (Figs. 
82-85). Occasionally plasma cells are present espe- 
cially in mucous membrane lesions. 

Since the blisters of PV are fragile, they break eas- 
ily and leave denuded areas. The histological exami- 
nation of such lesions will show basal keratinocytes 
attached to the underlying dermis and separated lat- 
erally from one another like tombstone rows (if the 
blister was suprabasal) (Fig. 88). If the blister was also 
present in the lower part of the stratum spinosum, 
there will be additionally eroded epidermis with 
acantholytic keratinocytes on its surface (Fig. 89). 
Similar histological changes can also be seen if the 
blister roof is sheared off during the biopsy. 

Early in blister formation, vacuoles and small foci 
of acantholysis appear between keratinocytes of the 
basal layer as well as at the lower part of the stratum 
spinosum (Figs. 90, 91). Confiuence of these results in 
formation of clefts and subsequently a blister (Figs. 

90,91). 

PV affecting the mucous membranes is not differ- 
ent histologically from those of the skin (Figs. 92-95). 

In the very early stage of PV, there is no acanthol- 
ysis but spongiosis with eosinophils or neutrophils in 
addition to superficial lymphocytic infiltrate with 
eosinophils and/or neutrophils occurs (Fig. 96). 
Spongiosis with eosinophils in early lesions of PV 
was first reported by Emmerson and Wilson Jones in 
1968 [478] and referred to as eosinophilic spongiosis. 
Before this observation, the presence of acantholytic 
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keratinocytes was considered an essential element 
for the histological diagnosis of pemphigus vulgaris. 

Early urticarial lesions of PV may also show spon- 
giosis with neutrophils (neutrophilic spongiosis), an 
observation first described by Ackerman in 1992 

[479]. 

In some cases of very early PV lesions we have 
seen eosinophilic and neutrophilic spongiosis in the 
same biopsy specimen (Fig. 97). 

Eosinophilic spongiosis is not specific for PV and 
can be seen in disparate conditions such as urticarial 
lesions of bullous pemphigoid and herpes gestation- 
is in addition to insect bites, drug eruptions, allergic 
contact dermatitis and vesicular stage of incontinen- 
tia pigmenti [365]. Neutrophilic spongiosis can also 
be encountered in conditions other than early PV. 
These include IgA pemphigus, dermatophytosis, 
candidiasis, impetigo, acrodermatitis entropathica 
and pustular psoriasis [480]. We have also seen 
eosinophilic or neutrophilic spongiosis in early ur- 
ticarial lesions of pemphigus foliaceus, linear IgA dis- 
ease and epidermolysis bullosa acquisita. Skin dis- 
eases that may histologically display eosinophilic or 
neutrophilic spongiosis are listed in Table 15. 

The histopathology of pemphigus vegetans is sim- 
ilar to that of PV, however, in the former there is pa- 
pillomatosis and acanthosis with occasional forma- 
tion of intraepidermal eosinophilic abscesses [400] 
(Fig. 98). 

The histology alone is not enough to make a pre- 
cise diagnosis of PV. The diagnosis can only be con- 
firmed by immunofiuorescence examination. 

DIF examination using perilesional tissue (skin 
[437], mucosa [481]) or nonlesional [482] skin shows 
in all cases with active disease deposits of IgG on the 
surface of keratinocytes throughout the entire epi- 
dermis (Fig. 99). 

IIF examination using patient’s sera on normal 
human skin or monkey oesophagus as a substrate 
demonstrates circulating IgG antibodies to the cell 
surface of keratinocytes [437] (Fig. 100). The sensitiv- 
ity of IIF was reported to be 83% on human skin and 
90% on monkey oesophagus [483]. Postive IIF alone 
is, however, not diagnostic for PV because similar IIF 
pattern was also reported in patients with other dis- 
orders such as thermal burn, herpes zoster and toxic 
epidermal necrolysis [437]. 

The circulating IgG antibodies in PV can also be 
detected with the ELISA test using Dsgi and Dsg3 re- 
combinant fusion proteins [484]. 

Table 16 shows the diagnostic criteria of PV. 
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Fig.83. Histopathology of a fully developed lesion of pemphigus vulgaris. An intraepidermal blister and a superficial infiltrate 
are shown. The blister contains serum, neutrophils and acantholytic keratinocytes. It is formed above the basal keratinocytes 
and also in the lower stratum spinosum.The infiltrate in the upper dermis is perivascular and interstitial and consists of lympho- 
cytes, neutrophils and a few eosinophils 



M Fig.82. Histopathology of a fully developed lesion of pemphigus vulgaris. At lower magnification an intraepidermal blister and 
a superficial infiltrate can be seen. At high magnification the blister is mainly suprabasal and contains serum as well as acan- 
tholytic keratinocytes.The infiltrate In the upper dermis is perivascular and interstitial and consists of lymphocytes, neutrophils 
and a few eosinophils 
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Fig.84. Histopathology of a fully developed lesion of pemphigus vulgaris. An intraepidermal blister and a superficial infiltrate 
can be seen. The blister contains acantholytic keratinocytes and is mainly suprabasal. The infiltrate In the upper dermis is 
perivascular and interstitial and consists of lymphocytes and neutrophils 
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Fig. 85. Histopathology of a fully developed lesion of pemphigus vulgaris. An intraepidermal blister and a superficial infiltrate can 
be seen. Although the blister is mainly suprabasal, it is formed partially in the lower stratum spinosum. It contains acantholytic 
keratinocytes.The infiltrate in the upper dermis is perivascular and interstitial and consists of lymphocytes and neutrophils 
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Fig.86.Tzancktest. A smear taken from the base of a blister of a patient with pemphigus vulgaris shows in Giemsa staining acan- 
tholytic keratinocytes.The Tzanck test is, however, not diagnostic for pemphigus vulgaris because acantholytic keratinocytes 
may also be seen in other diseases like Hailey-Hailey and impetigo 
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Fig.87. Histopathology of a lesion 
of pemphigus vulgaris showing ex- 
tension of the acantholysis to the 
adnexal epithelium 
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Fig.88. Histopathology of an eroded lesion of pemphigus vulgaris.Since the blister is suprabasal, the histopathogy shows basal 
keratinocytes attached to the underlying dermis and separated laterally from one another giving a characteristic picture of 
"rows of tombstones" 
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Fig. 89. Histopathology of an eroded lesion of pemphigus vulgaris.The blister is present in the lower stratum spinosum and also 
suprabasaly. The histopathology therefore shows "rows of tombstones" as well as eroded epidermis with acantholytic ker- 
atinocytes on the surface 






Fig. 90. Another example of the histopathology of an early lesion of pemphigus vulgaris showing vacuoles and foci of acanthol- 
ysis between keratinocytes of the basal layer and the lower part of the stratum spinosum. There are also clefts and small initial 
blisters 
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Fig.91. Histopathology of an early lesion of pemphigus vulgaris. Vacuoles and small foci of acantholysis appear between ker- 
atinocytes of the basal layer and the lower part of the stratum spinosum. Confluence of these result in blister formation 




Fig.92. Histopathology of a fully developed lesion of pemphigus vulgaris affecting the gingiva and presenting clinically as 
desqumative gingivitis. As in the cutaneous lesions, there is a suprabasal blister (asterisk) with acantholytic keratinocytes 
(arrow). The basal keratinocytes remained attached to the underlying basement membrane zone and separated laterally from 
one another giving the rows of tombstones appearance (arrowhead). In the lamina propria perivascular and interstitial infiltrate 
can be seen 
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Fig. 93. Histopathology of a fully developed lesion of pemphigus vulgaris affecting the lip. A suprabasal blister with acantholyt- 
ic keratinocytes can be seen. In the lamina propria there is a dense lymphocytic infiltrate with many plasma cells 
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Fig.94. Histopathology of a fully developed lesion of pemphigus vulgaris of the buccal mucosa. A suprabasal blister with acan- 
tholytic keratinocytes can be seen. The basal keratinocytes remain attached to the underlying basement membrane zone with 
the rows of tombstones appearance. In the lamina propria lymphocytic infiltrate with neutrophils and eosinophils can be seen 
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Fig. 95. Histopathology of a fully developed lesion of pemphigus vulgaris affecting the conjunctiva. A suprabasal blister, acan- 
tholytic keratinocytes and basal keratinocytes with the rows of tombstones appearance can be seen 
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Fig.96. Histopathology of very early lesion of pemphigus vulgaris showing spongiosis with eosinophils 
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Fig.97. Histopathology of very early lesions of pemphigus vulgaris showing spongiosis with eosinophils and neutrophils 
simultaneously 
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Fig. 98. Histopathology of a lesion of pemphigus vegetans showing acanthotic epidermis with intraepidermal acantholytic blis- 
ters. Some of the blisters contain numerous eosinophils 
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Fig. 99. DIF examination using perilesional skin of a patient 
with pemphigus vulgaris showing deposits of IgG on the sur- 
face of keratinocytes throughout the entire epidermis 




Fig. 100. IIF examination of serum of a patient with pemphi- 
gus vulgaris on monkey oesophagus demonstrating circu- 
lating IgG antibodies to the cell surface of keratinocytes of the 
entire epithelium 



Table 15. Skin diseases that may histopathologically display 
neutrophilic or eosinophilic spongiosis 

Eosinophilic spongiosis 

1 . Early urticarial lesions of pemphigus vulgaris, 
pemphigus foliaceus, pemphigus hepetiformis, 
bullous pemphigoid, herpes gestationis, 
linear IgA disease and epidermolysis 

bullosa acquisita 

2. Drug eruptions 

3. Insect bites 

4. Allergic contact dermatitis 

5. Vesicular stage of incontinentia pigmenti 

Neutrophilic spongiosis 

1 . Early urticarial lesions of pemphigus vulgaris, 
pemphigus foliaceus, pemphigus herpetiformis, 

IgA pemphigus, bullous pemphigoid, herpes 
gestationis, linear IgA disease, dermatitis 
herpetiformis and epidermolysis bullosa acquisita 

2. Dermatophytosis 

3. Candidiasis 

4. Impetigo 

5. Pustular psoriasis 

6. Acrodermatitis enteropathica 



Table 16. Diagnostic criteria of PV 



Histology 

■ Suprabasal acantholytic blister 

■ Basal keratinocytes attached to the underlying 
dermis and separated laterally from one another 
giving a characteristic picture of„rows of 
tombstones". 

■ Eosinophilic and/or neutrophilic spongiosis 

DIF examination (using perilesional skin, peritesional 

mucosa or nonlesional skin) 

■ Deposits of IgG on the surface of keratinocytes 
throughout the entire epidermis 

ELISA test 

■ Circulating IgG antibodies to Dsg3 or Dsg3 
and Dsgl 

Western blot 

■ Circulating IgG antibodies to 1 30-kDa protein 
band or to 1 30-kDa and 1 60-kDa protein bands 
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Pemphigus foliaceus 

Pemphigus foliaceus (PF) is an autoimmune intraepi- 
dermal blistering disease which is characterised by 
circulating IgG antibodies against Dsgi [73]. 

Dsgi is a 160 kDa transmembrane glycoprotein 
which belongs to cadherin family and represents a 
normal constituent of the desmosomes of stratified 
squamous epithelia [52] (for more details see CHAP- 
TER 2). The circulating IgG anti-Dsgi autoantibodies 
present in the sera of PF patients were found to be 
pathogenic and responsible for the blister formation 
[485]. The exact mechanism by which these autoanti- 
bodies induce blister formation is, however, un- 
known. 

Pemphigus foliaceus was first described by 
Cazenave in 1844 [486] and the word foliaceus comes 
from Latin and means leafiike [5]. 

PF is a rare but its exact incidence is not known. In 
France an estimated incidence of 0.5 case per million 
was reported [486a]. An increased incidence of 6.6 cas- 
es per million was noted in Tunisian women [486a]. 

PF affects males and females equally and usually 
appears in the fourth or fifth decade of life but any 
age maybe affected including children [437, 487, 488]. 

A recent study demonstrated that Dsg3 is ex- 
pressed in the entire epidermis of neonates and hy- 
pothesised that its co-expression with Dsgi in the su- 
perficial epidermis protects the neonatal skin from 
developing PF on passive transfer of maternal anti- 
bodies against Dsgi [77]. Few cases of neonatal PF 
have, however, been reported [489,490]. 
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Clinically, PF begins with erythematous macules 
which develop into superficial fiaccid blisters [16, 
437]. The blisters are, however, rarely seen because 
they rupture very rapidly leaving erosions with pe- 
ripheral collarettes. 

The oozing serum desiccates forming crusts which 
are usually greasy and leafiike (Figs. 101, 102). Pruri- 
tus and/or burning may be present. The predilection 
sites of the disease are the seborrhoeic areas namely, 
the scalp, the face, the upper chest and the upper 
back. 

Sometimes the lesions involve the entire integu- 
ment producing a clinical resemblance to exfoliative 
erythroderma [437]. Lesions of PF heal without scar- 
ring. 

In contrast to PV, oral lesions are not present [16]. 
This is suggested to be due to the compensation of 
Dsgi function by Dsg3 which is expressed in all layers 
of the epithelium of oral mucosa [491, 492]. 

The onset of PF is slow or abrupt and its course is 
protracted but generally benign [16, 437]. 

UV-light may aggravate or precipitate the disease 
[437]- PF iTiay also be induced by drugs like D-peni- 
cillamine and captopril [437]. In the majority of these 
cases, the disease resolves on stopping the causative 
drug. 

PF may convert to PV with a shift in the clinical 
picture, histopathology and anti-desmoglein anti- 
body profile [493]. This phenomenon is most proba- 
bly due to epitope spreading [465, 494]. 
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Fig. 1 01 . Pemphigus foliaceus. Blisters are the primary lesions 
in pemphigus foliaceus. They are, however, very superficial 
and have thin roofs that rupture rapidly leaving erosions and 
scaly crusted lesions as in this 55-year-old patient 




Fig. 102. Pemphigus foliaceus. In this se- 
vere case there are widespread erythema- 
tous confluent erosions with greasy crusts 
and peripheral collarette scales. The ero- 
sions resulted from rupture of the blisters 
and the crusts are due to desiccation of 
the oozing serum. The collarette scales 
represent remnants of the blisters [8] roofs 
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Pemphigus erythematosus 

Pemphigus erythematosus which was first described 
by Senear and Usher in 1926 [495] represents, a lo- 
calised variant of PF characterised by scaly crusted 
lesions confined to the face [496] (particularly the 
malar area) (Fig. 103) It may occur at any age includ- 
ing childhood [437]. Pemphigus erythematosus may 
be induced by drugs such as D-penicillamine [497] 
and thiopronine [498]. It may also be exacerbated by 
UV-light [499]. 

In some cases the disease may advance gradually 
into generalised PF [496]. 

The histopathology of pemphigus erythematosus 
is identical to that of PF [400, 437]. 

DIF showed in 100% of patients with deposits of 
IgG on the cell surface of the keratinocytes [500]. In 
about 83% of cases the deposits were also present si- 
multaneously along the DEJ [501]. 

IIF examination with patient’s serum on monkey 
oesophagus or normal human skin substrate demon- 
strates in 80-100% of the cases circulating IgG anti- 
bodies to the cell surface of keratinocytes [500]. 

Approximately 30-80% of patients show positive 
antinuclear antibody tests (ANA) [437]. 

As in PF, Dsgi is the autoantigen in pemphigus 
erythematosus [502]. 



Chapter 3 



Fogo selvagem 

Fogo selvagem (which means “wildfire” in Por- 
tuguese) refers to an endemic form of PF which oc- 
curs in rural areas of South America, especially in 
Brazil [503,504]. It was also reported in Tunisia [505]. 
The disease was first described by Paes-Leme in 
Brazil in 1903 [506]. It is clinically, histopathological- 
ly and immunohistologically indistinguishable from 
true PF [503, 504]. It affects, however, most often chil- 
dren, adolescents and young adults. There is a strong 
association between fogo selvagem and four specific 
HLA DRBi haplotypes. These are DRBi'^0404, 1402, 
1406, and 1401 [507]. 

As in PF, Dsgi is the auto antigen in fogo selvagem 
[508]. A recent study demonstrated that the preva- 
lence of antibodies against Dsgi is high among nor- 
mal subjects living in endemic areas of fogo selvagem 
suggesting that the production of antibodies against 
Dsgi maybe initiated by exposure to an unknown en- 
vironmental agent [509]. However, neither infectious 
agent nor host vector has been identified. 
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Histopathological Findings 

The fully developed lesion of PF is characterised 
histopathologically by the formation of an intraepi- 
dermal blister within the stratum granulosum and the 
uppermost part of the stratum spinosum [400] (Figs. 
104-106). This correlates well with the distribution of 
Dsgi in the epidermis where it is mainly expressed 
in the stratum granulosum and upper layers of the 
stratum spinosum [71]. Dsgi is also present to a lesser 
extent in the deep epidermis, however, the latter re- 
mains unaffected due to the presence of Dsg3 which 
compensates for the Dsgi function in these areas 
[510]. 

The blister contains serum, acantholytic ker- 
atinocytes and sometimes neutrophils [400]. The lat- 
ter maybe very numerous (Fig. 106). Sometimes a few 
eosinophils are also present. 

The epidermis is usually slightly hyperplastic and 
neutrophils exocytosis maybe seen. In the upper der- 
mis there is moderately dense perivascular and inter- 
stitial lymphocytic infiltrate with neutrophils and 
eosinophils. 

Early in blister formation the development of vac- 
uoles and small foci of acantholysis affecting ker- 
atinocytes of the stratum granulosum and the upper 
part of stratum spinosum (Fig. 107) can be observed. 
Confiuence of these results in blister formation. Since 
the blister is very superficial and its roof is very thin, 
it breaks easily and leaves an erosion. This stage of 
the disease is characterised histologically by slightly 
hyperplastic eroded epidermis missing the cornified 
and the granular layers and shows acantholytic ker- 
atinocytes on its surface (Fig. 108). A perivascular 
and interstitial lymphocytic infiltrate with neu- 
trophils and eosinophils is usually seen in the upper 
dermis. Such histological changes can, however, also 
be seen if a blister of PF is obtained by punch biopsy 
which shears off its roof. 

Blistering or eroded lesions of PF are histological- 
ly very difficult and sometimes not possible to differ- 
entiate from bullous impetigo or staphylococcal 
scalded skin syndrome (see also pages 144-152). 

In the course of the disease the oozing serum dries 
and greasy crusts form. Histologically, these lesions of 
PF display hyperplastic epidermis with scale-crusts 
consisting of parakeratosis, plasma and necrotic ker- 
atinocytes (Fig. 109). In the upper dermis perivascular 
and interstitial infiltrate of lymphocytes, neutrophils 
and eosinophils can be observed. Such lesions are not 



easy to differentiate from chronic dermatitis or drug 
reactions unless acantholytic changes in the granular 
or upper spinous layer are present. 

In the very early lesions of PF there is no acantholy- 
sis but spongiosis with neutrophils or eosinophils in 
addition to superficial infiltrate of lymphocytes, neu- 
trophils and eosinophils can be seen (Figs. 110, 111). 
Identical changes have also been observed in early le- 
sions of other autoimmune bullous diseases in addition 
to other conditions which are displayed in Table 15. 

As in P V, the histology alone is not enough to diag- 
nose PF. The histological diagnosis can be confirmed 
by immunofiuorescence examinations. 

DIF examination using perilesional skin from PF 
patients shows deposits of IgG on the surface of ker- 
atinocytes in all active cases [437]. These deposits 
were reported by some investigators to be present 
throughout the entire epidermis [438] and by others 
to be present in the stratum granulosum and the up- 
per part of stratum spinosum [511, 512]. 

In our PF patients with positive DIF we observed 
in the majority the presence of IgG deposits on the 
surface of keratinocytes of the upper and middle part 
of the epidermis (Fig. 112). The deposits were very 
weak or missing in the lower epidermis. 

Since the DIF in patients with PF may be identical 
to that of PV (deposits of IgG on the surface of ker- 
atinocytes throughout the entire epidermis), this test 
is not reliable to differentiate between the two dis- 
eases and should be interpreted in correlation with 
the histology and/or the recently available ELISA test 
using Dsgi recombinant fusion protein [484]. 

IIF examination with patient’s serum on monkey oe- 
sophagus or normal human skin substrate demon- 
strates in most of the cases of PF circulating IgG anti- 
bodies to the cell surface of keratinocytes [437] (Fig. 113). 

Since similar IIF pattern was also reported in pa- 
tients with other disorders such as thermal burn, her- 
pes zoster and toxic epidermal necrolysis [437] the IIF 
results should therefore be correlated together with 
the histology, the clinical picture and the DIF results. 

In summery, the histological events in the life of 
PV and PF lesions are very similar. In the very early 
stage of both diseases, there is eosinophilic or neu- 
trophilic spongiosis. What attracts the neutrophils or 
the eosinophils to the epidermis and what these cells 
induce in the epidermis is still unclear. Why in some 
cases there is eosinophilic spongiosis and in others 
neutrophilic spongiosis is also unknown. Subse- 
quently, and probably due to disturbance of the adhe- 







Intraepidermal Blistering Diseases 



97 



sion function of Dsgi and/or Dsg3 the keratinocytes 
start to separate from one another and vacuoles de- 
velop between them. With the progress of the disease 
the vacuoles increase in size and coalesce forming 
acantholytic foci and later on blisters. 



Chapter 3 

In both PV and PF the histology alone is not 
enough to ensure an acurate diagnosis. IF examina- 
tions and/or ELISA test (using Dsgi and Dsg3 recom- 
binant fusion proteins) are necessary. 

Table 17 shows the diagnostic criteria of PF. 
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Fig. 104. Histopathology of a fully developed lesion of pemphigus foliaceus. At the lower magnification A a superficial intraepi- 
dermal blister (asterisk) and a superficial interstitial and perivascular infiltrate (arrowhead) can be seen. At high magnification 
B the blister is formed within the granular and upper spinous layers of the epidermis and contains acantholytic keratinocytes. 
The epidermis is slightly hyperplastic.The infiltrate in the upper dermis consists of lymphocytes, neutrophils and eosinophils 
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Fig. 105. Histopathology of a fully developed lesion of pemphigus foliaceus. At lower magnification A a large superficial in- 
traepidermal blister filled with serum and inflammatory cells (asterisk) can be seen. At the sides of this large blister two small 
blisters are present (arrows). An interstitial and perivascular infiltrate is present in the upper dermis (arrowhead). At high mag- 
nification B one can recognize that the blisters are within the granular and upper spinous layers of the epidermis and are filled 
with serum, lymphocytes, neutrophils and some eosinophils.They contain also acantholytic keratinocytes. The disease in this 
patient is still active because of the presence of incipient acantholysis at the side of the blisters 
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Fig. 106. Histopathology of a fully developed lesion of pemphigus foliaceus. A superficial intraepidermal blister can be seen 
within the upper spinous layers of the epidermis. In this example the blister is stuffed with numerous neutrophils giving the 
false impression of a pustular disease. A perivascular and interstitial infiltrate of lymphocytes, neutrophils and eosinophils is 
present in the upper dermis 
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Fig. 1 07. Histopathology of early pemphigus foliaceus lesion. At the begining of the blister formation vacuoles develop in the 
upper spinous and granular layers of the epidermis. Coalescence of these result in the formation of acantholytic foci which with 
the progress of the disease results in the formation of blisters.The epidermis is hyperplastic and there is superficial mixed-cell 
infiltrate 
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Fig. 108. Histopathology of an eroded lesion of pemphigus foliaceus. Not uncommonly, pemphigus foliaceus is presented 
histopathologically with eroded epidermis as a consequence of the blister rupture. In this case the diagnosis of pemphigus fo- 
liaceus can be suggested through the presence of acantholytic keratinocytes on the surface of the eroded epidermis 
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Fig. 1 09. Histopathology of a late scaly crusted lesion of pemphigus foliaceus showing a scale-crust and a superficial perivascu- 
lar and interstitial infiltrate of lymphocytes and numerous eosinophils 
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Fig. 1 1 0. Histopathology of an early lesion of pemphigus foliaceus displaying neutrophilic spongiosis 
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Fig. 111. Histopathology of an early lesion of pemphigus foliaceus displaying spongiosis with eosinophils and neutrophils 




Fig. 11 2. Direct immunofluorescence of perilesional skin from 
a patient with pemphigus foliaceus using antibodies to IgG. 
Cell surface staining of the keratinocytes can be seen mainly 
in the upper and middle part of the epidermis 
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Fig. 113. Indirect immunofluorescence on monkey oesophagus with serum of a patient with pemphigus foliaceus using anti- 
bodies to IgG. There is cell surface staining of the keratinocytes throughout the epithelium. The staining is, however, very weak 
or missing in the lower parts due to the low expression of Dsgl in this region 



Table 17. Diagnostic criteria of PF 

Histology 

■ Intraepidermal blister within the stratum 
granulosum and the uppermost part of the 
stratum spinosum which usually contain 
acantholytic keratinocytes and sometimes 
neutrophils 

■ Eosinophilic or neutrophilic spongiosis 

DIF examination (using perilesional skin) 

■ Deposits of IgG on the surface of keratinocytes 
throughout the entire epidermis or in the upper 
and middle part of the epidermis 

ELISA test 

■ Circulating IgG antibodies to Dsgl 

Western blot 

■ Circulating IgG antibodies to a 1 60-kDa 
protein band 



Paraneoplastic pemphigus 

Paraneoplastic pemphigus (PNP) which was first de- 
scribed by Anhalt et al. in 1990 [119a], is an autoim- 
mune blistering mucocutaneous disease associated 
with neoplasia. About 98 cases of PNP have been re- 
ported (39 female, 59 male) [119a, 513-595]. The age at 
onset of the disease ranges from 7 to 89 years (mean 
56.5 years) [119a, 513-595]. There is no ethnical pre- 
dominance [596]. 

In Table 16 the underlying malignancies of PNP 
are presented in decreasing order of frequency [119a, 

513-595]. 

In patients with PNP, autoantibodies to nine anti- 
gens have been reported [73a, 75a, 91, 97-97C, 119a, 
136]. These are shown in Table 17. Circulating autoan- 
tibodies to Dsg 3 were found to be pathogenic and ca- 
pable of inducing acantholysis in neonatal mice on 
passive transfer [75a]. For more information about 
the autoantigens of PNP see also CHAPTER 2. 

PNP is characterised clinically by the development 
of mucous membrane blisters and ulcerations in ad- 
dition to polymorphous cutaneous lesions [119a, 
513-595]. The mucosal lesions are painful, intractable 
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Fig. 11 4. A patient with paraneoplastic 
pemphigus with erosions of the lips and 
tongue A as well as ulcerative lesions on 
the palmar surface of the fingers B. By 
courtesy of G. Plewig, Department of Der- 
matology and Allergy, Ludwig Maximilian 
University, Munich, Germany 




and are commonly the earliest presenting sign. They 
affect usually the lips, oral (Fig. 114 A), nasal, pha- 
langeal and oesophageal mucosae in addition to the 
conjunctiva. Mucosal lesions of gastrointestinal, gen- 
ital and respiratory tracts have also been observed 
[594]- Corneal melting was also reported in associa- 
tion with PNP [520]. The cutaneous lesions in PNP 
are quite variable [119a, 513-595]. There may be ery- 
thema, blisters, erosions (Fig. 114 B), target lesions, 
vegetating plaques, lichenoid, papular and papu- 
losquamous eruptions, pustulous lesions and ulcera- 
tive painful debilitating paronychia (Fig. 115). The 
clinical picture usually resembles a combination of 
different diseases such as PV, erythema multiforme 



major, bullous pemphigoid, erosive lichen planus, 
toxic epidermal necrolysis and graft-versus-host dis- 
ease [119a, 513-595]. 

The course of PNP is progressive. If the disease is 
associated with malignant neoplasm, it is always fatal 
within a few months to 2 years [597]. Decreasing the 
tumour burden surgically or by chemotherapy does 
not influence the disease activity. Most patients die 
due to tumour progression, infectious complications 
or progressive respiratory failure [597]. 

If PNP is associated with benign neoplasm, it usu- 
ally resolves in 6-12 months after complete excision 
of the tumour [597]. 
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Fig. 115. The same patient shown in Fig- 
ure 1 14 showing haemorrhagic ulcerative 
paronychia and lichen planus-like changes 
of the fingernails. By courtesy of G. Plewig, 
Department of Dermatology and Allergy, 
Ludwig Maximilian University, Munich, 
Germany 




Table 1 8. Malignancies associated with PNP in decreasing or- 
der of frequency [1 19a, 51 3-595] 

1. B-cell lymphoma 

2. Chronic lymphocytic leucaemia 

3. Castleman's tumor 

4. Thymoma 

5. Carcinoma 

6. Sarcoma 

7. Waldenstrom's macroglobulinaemia 

8. Hodgkin's lymphoma 



Table 19. Antigenic targets in PNP 



The antigen, 

its SDS-PAGE molecular weight 


Reference 


Members of plakin family 




I.Desmoplakin 1 (250-kDa) 


91 


2. Desmoplakin II (210-kDa) 


91 


3.BPAG1 (230-kDa) 


119a 


4. Envoplakin (21 0-kDa) 


97a 


5.Periplakin (190-kDa) 


97b 


6.Plectin(300-kDA) 


136 


Members of desmosomal cadherins 




7.Dsg1 (160-kDa) 


73a 


8. Dsg3(130-kDa) 


75a 


9. Still uncharacterised 170-kDa protein 


119a 



Histopathological Findings 

Three histological patterns are described in PNP 
[119a, 513-595]. 

In the first pattern, intraepidermal suprabasal 
acantholytic blister can be observed as in PV. 

In the second pattern, intraepidermal suprabasal 
acantholytic blister in combination with vacuolar de- 
generation of the BM zone can be seen (Fig. 116). 
There are also necrotic keratinocytes scattered soli- 
tarily in the lower part of the epidermis in addition to 
lymphocytes exocytosis and superficial perivascular 
infiltrate of lymphocytes. Although this pattern was 
reported to be characteristic for PNP, similar changes 
have been reported in other conditions [598]. 

The third histological pattern of PNP is interface 
dermatitis. Here there is thinned or slightly hyper- 
plastic epidermis with vacuolar degeneration of the 
BM zone (Fig. 117, 118). Hypergranulosis may be pres- 
ent. There are also necrotic keratinocytes and lym- 
phocytes aligned along the basement zone and sprin- 
kling in the epidermis. In the upper dermis a perivas- 
cular and interstitial or a band-like infiltrate of lym- 
phocytes are present. This histological pattern is not 
diagnostic for PNP and can be seen in other condi- 
tions such as graft-versus-host disease, dermato- 
myositis, drug eruption of interface type, erythema 
multiforme, lichen planus and lupus erythematosis. 

PNP can not be diagnosed via the histology alone. 
For confirmation of the diagnosis the histology 
should be correlated with the clinical picture, tumour 
search in addition to the results of the IF examina- 
tions and the immunoprecipitation or Western blot 
analysis. DIF of perilesional skin or mucosa of pa- 
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tients with PNP revealed in all cases deposits of IgG 
and/or C3 on the cell surface of keratinocytes in a 
pattern similar to that of PV [119a, 599]. In addition, 
coeval presence of IgG and/or C3 deposits along the 
basement membrane zone and on the cell surface of 
keratinocytes was observed in 41% of cases [600]. IIP 
with PNP sera on monkey oesophagus and normal 
human skin revealed circulating IgG to the cell sur- 
face of keratinocytes in a pattern similar to that of PV 
[119a, 599]. 

IIP with PNP sera on rat bladder epithelium (non- 
stratified simple transitional epithelium) demon- 
strates cell surface staining by circulating IgG au- 
toantibodies [ii9a,599]. The specificity of this test is 
83% and its sensitivity is 75% [601]. A negative IIP on 
rat bladder epithelium hence does not exclude the di- 
agnosis of PNP. IIP on rat bladder epithelium is neg- 
ative in PV and PR 

Immunoprecipitation in PNP shows a unique 
banding pattern corresponding to the characteristic 
antigen complex [119a, 599] (see Table 19). 

Table 20 shows the diagnostic criteria of PNP. 



Table 20. Diagnostic criteria of PNP 
Histology 

■ Intraepidermal suprabasal acantholytic blister alone 
or in combination with vacuolar degeneration 
of the BM zone 



■ Interface dermatitis 

DIF examination (using perilesional skin or mucosa) 

■ Deposits of IgG and/or C3 on the cell surface of ker 
atinocytes in a pattern similar to that of PV 



■ Deposits of IgG (and/or C3 ) along the BM zone 
and on the cell surface of keratinocytes 

IIF examination (on rat bladder epithelium) 

■ Cell surface staining of epithelial cells by circulating 
IgG autoantibodies 

Western blot 

■ Circulating IgG antibodies to several protein bands 
corresponding to target autoantigens (see Table 1 9) 

ELISA test 

■ Circulating IgG antibodies to to Dsgl, Dsg3 

(at present ELISA test for other autoantigens of PNP 
is not available) 
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Fig. 11 6. Histopathology of a patient with paraneoplastic pemphigus showing suprabasal acantholytic blister and vacuolar 
degeneration of the BM zone. By courtesy of B. Bastian, Department of Dermatology and Pathology, UCSF Comprehensive Can- 
cer Center, University of California, San Francisco 
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Fig. 1 1 7. Histopathology of a patient with paraneoplastic pemphigus showing interface dermatitis with vacuolar degeneration 
of the BM zone, necrotic keratinocytes and lymphocytes aligned along the BM zone and sprinkling in the epidermis. In the up- 
per dermis a perivascular and interstitial infiltrate of lymphocytes is present 
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Fig. 1 18. Histopathology of a patient with paraneoplastic pemphigus showing interface dermatitis with vacuolar degeneration 
of the BM zone.There are also necrotic keratinocytes and lymphocytes aligned along the BM zone and sprinkling in the epider- 
mis. In the upper dermis there is a band-like infiltrate of lymphocytes 
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IgA pemphigus 

IgA pemphigus is an autoimmune intraepidermal 
blistering disease, first described by Varigos in 1979 
[602]. It is characterised by in vivo bound and circu- 
lating IgA autoantibodies to proteins of the cell sur- 
face of the keratinocytes [596]. The disease was re- 
ported under many different names which are listed 
in Table 18 [603-609]. These names are confusing and 
therefore better expunged. 

IgA pemphigus is a rare disease and only about 58 
cases have been reported [602, 604, 605, 607-653, 
653a]. The disease is characterised clinically by for- 
mation of small blisters that are initially tense but 
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quickly become fiaccid and develop into pustules and 
superficial scaly crusted erosions [602, 604, 605, 
607-653, 653a]. The blisters appear on normal or ery- 
thematous skin and tend to coalesce and spread pe- 
ripherally forming serpiginous and arciform borders 
(Figs. 119-121). The lesions are usually itchy. The sites 
of predilection are groin, axillae, trunk, proximal ex- 
tremities and lower part of the abdomen. Mucous 
membranes are rarely involved. 

IgA pemphigus affects mainly middle-aged per- 
sons but may also occur in any age including infants, 
children and the elderly [634]. Of the 58 reported cas- 
es [602, 604, 605, 607-653, 653a], 35 were females and 
23 were males. 




Fig. 11 9. IgA pemphigus. Erythema, superficial erosions and plaques with central crusting and arciform borders of flaccid 
vesiculo-pustules on the lower abdomen of a 70-year-old man 
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Fig. 1 20. IgA pemphigus. Superficial erosions and erythematous plaques with serpiginous borders on the back and flexor sur- 
faces of the thighs of the same patient displayed in Fig. 1 19. In the high magnification tense small blisters and collarette scales 
at the borders of the plaques can be seen 
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Fig. 121. IgA pemphigus. Plaques with central crusting and serpiginous borders. At high magnification the borders have flaccid 
vesicles and vesiculo-pustules. Similar lesions were also present in the axillae and on the thighs of this patient 



Table 21. Other names reported in the literature for IgA 
pemphigus 

Intraepidermal neutrophilic IgA dermatosis [604] 
Intraepidermal IgA pustulosis [603] 

Intercellular IgA dermatosis [605] 

Intercellular IgA vesiculopustular dermatosis [606] 

IgA herpetiform pemphigus [607] 

IgA pemphigus foliaceus [608] 

Subcorneal pustular dermatosis and monoclonal IgA [609] 



Histopathological Findings 

IgA pemphigus is characterised histologically by for- 
mation of intraepidermal blisters [602, 604, 605, 
607-653, 653a]. Depending on the site of the blister 
formation, two variants of the disease have been 
recognised, a subcorneal pustular dermatosis (SPD) 
and an intraepidermal neutrophilic IgA dermatosis 
(lEN) [602, 604, 605, 607-653, 653a]. Of the 58 report- 
ed patients of IgA pemphigus 31 were classified as 
SPD [636, 605-634] and 21 were classified as lEN 
[604, 635-648]. The remaning cases were not classi- 
fied [649-653, 653a]. In the SPD variant of IgA pem- 
phigus, the blister is subcorneal (Fig. 122) and in the 
lEN variant it is in the stratum spinosum (Fig. 123). In 
the latter the blister may be at least in foci above the 
basal layer (Fig. 123). In both variants the blister con- 
tains acantholytic keratinocytes and variable num- 
bers of neutrophils. Occasionally, some eosinophils 
may be present. The epidermis is usually hyperplas- 
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tic and there is exocytosis of neutrophils. In the up- 
per dermis a superficial perivascular and interstitial 
infiltrate of lymphocytes, neutrophils and sometimes 
eosinophils is present. Occasionally, there are small 
collections of neutrophils in dermal papillae at the 
sides of the blisters (Fig. 123). The histological fea- 
tures of IgA pemphigus are not diagnostic and can be 
seen in other diseases (Table 22). 

The diagnosis can only be confirmed by immuno- 
fiuorescence examinations. DIF using perilesional 
skin from affected patients was positive in all report- 
ed cases and showed deposits of IgA on the surface of 
keratinocytes [602, 604, 605, 607-653]. In the SPD 
variant these deposits were found on the surface of 
keratinocytes of the upper part of the epidermis 
[602, 605-636], while in the lEN variant the deposits 
were found on the surface of keratinocytes of the en- 
tire epidermis [605, 635-648]. 

IIF examination with patient’s serum on normal 
human skin, and monkey and guinea-pig oesophagus 
demonstrated in 48% of the SPD cases [602, 605-634] 
and 57% of lEN cases [604, 635-648] circulating IgA 
antibodies to the cell surface of keratinocytes. 

The early histological changes of IgA pemphigus 
are neutrophilic spongiosis (Fig. 124). Such changes 
can be observed in the epidermis adjacent to the blis- 
ter or in biopsied early lesions i.e., the urticarial and 
erythematous papules or plaques. With progress of 
the disease vacuoles and blisters form (Fig. 125). Al- 
though neutrophilic spongiosis is not diagnostic for 
a single disease (see Table 15), it draws attention to the 
possibility of autoimmune bullous disease and the 
need to carry out IF examination and perhaps West- 
ern blot studies. 

The autoantigen of the SPD variant of IgA pem- 
phigus is Dsci [80, 654]. Dsci is restricted to the gran- 
ular and upper spinous layer of the epidermis [56, 79] 
and this correlates well with the site of blister forma- 
tion in the SPD variant of IgA pemphigus. 

Dsgi and Dsg3 are the autoantigens in the lEN 
variant [641, 645, 648]. The first is mainly expressed in 
the stratum granulosum and upper layers of the stra- 
tum spinosum [71] and the latter is expressed in basal 
and lower suprabasal layers [76] of the epidermis. 



This also correlates well with the site of blister forma- 
tion in the lEN variant of IgA pemphigus. 

IgA pemphigus has a chronic benign course and 
responds well to appropriate therapy [596]. 

In 20% of SPD variant, monoclonal IgA gammopa- 
thy (benign or malignant) was present [634]. In cases 
associated with malignant IgA gammopathy, the 
prognosis is related to the malignancy. In the lEN 
variant no association with monoclonal IgA gam- 
mopathy has been reported [634]. 

Table 23 displays the diagnostic criteria of IgA 
pemphigus. 



Table 22. Histological differential diagnosis of IgA pemphigus 

SPD variant of IgA pemphigus 

1. Pemphigus foliaceus 

2. Bullous impetigo 

3. Scalded staphylococcal skin syndrome 
lEN variant of IgA pemphigus 

1. Pemphigus vulgaris 

2. Pemphigus herpetiformis 

Table 23. Diagnostic criteria of IgA pemphigus 

Histology 

■ Acantholytic intraepidermal blister. The blister may 
be located subcorneally (SPD variant) or in the 
stratum spinosum and suprabasally (lEN variant) 

and/or 

■ Neutrophilic spongiosis 

DIF examination (using perilesional skin) 

■ Deposits of IgA on the surface of keratinocytes 
throughout the entire epidermis (lEN variant) 
or its upper part 

(SPD variant) 

ELISA test 

■ Circulating IgA antibodies to Dsci (SPD variant) 

■ Circulating IgA antibodies to Dsgi or Dsg3 
(lEN variant) 
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Fig. 1 22. Histology of a fully developed lesion of SPD variant of IgA pemphigus. There is a subcorneal blister which contains 
acantholytic keratinocytes and numerous neutrophils. In the upper dermis a perivascular and interstitial lymphocytic infiltrate 
with neutrophils and eosinophils is present 
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Fig. 1 23. Histology of a fully developed lesion of lEN variant of IgA pemphigus. There is an intraepidermal blister which contains 
acantholytic keratinocytes and numerous neutrophils. In this example the separation of keratinocytes occurs nearly through- 
out the entire thickness of the stratum spinosum and also above the basal layer. In the upper dermis a perivascular and intersti- 
tial lymphocytic infiltrate with many neutrophils is present. In the epidermis adjacent to the blister changes presenting early 
events of the disease are seen (arrow). At high magnification these consist of vacuoles and neutrophilic exocytosis 
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Fig. 124. Early lesion of IgA pemphigus displaying neutrophilic spongiosis 
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Fig. 1 25. An early lesion of IgA pemphigus but more advanced than that displayed in Fig. 1 24. There is an incipient intraepider- 
mal blister which contains acantholytic keratinocytes and neutrophils. In the upper dermis a lymphocytic infiltrate with neu- 
trophils and eosinophils is present 
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Pemphigus herpetiformis 

Synonym: Herpetiform pemphigus 

Pemphigus herpetiformis, which was first reported 
by Jablonska et al. in 1975 [655], is an intraepidermal 
autoimmune bullous disease with clinical features 
suggestive of dermatitis herpetiformis and IF and 
histological features reminiscent of pemphigus [655, 
596]. 



About 56 cases have been reported (30 female and 
26 male) [655-686]. The age at onset of the disease 
ranges between 17 and 88 years (mean age 59). 

Clinically there are itchy single and grouped tense 
or fiaccid blisters on normal skin or erythematous 
plaques [655-686] (Fig. 126). The grouped blisters of- 
ten have a herpetiform pattern. On the erythematous 
plaques, which usually have an annular pattern, the 
blisters tend to be located at the margins. Erosions 
and crusts are also present as a result of the blisters 
rupture. Urticarial plaques and papular lesions may 




Fig. 126. Pemphigus herpetiformis.There 
are single and grouped tense blisters on 
normal skin and erythematous annular 
plaques. There are also erosions and 
crusts 




Fig. 127. Pemphigus herpetiformis with 
urticarial erythematous plaques. Some of 
the plaques are studded with haemor- 
rhagic crusts which resulted from blister 
rupture 
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be seen, especially in the early stage of the disease 
(Fig. 127). 

The sites of predilection are the trunk and exten- 
sors of the extremities. Scalp, face and axillae are usu- 
ally spared (Fig. 128). Oral mucosa is occasionally in- 
volved (Fig. 129). The autoantigens of the pemphigus 
herpetiformis were found to be Dsgi and Dsg3 [687]. 
A patient with pemphigus herpetiformis with circu- 
lating autoantibodies to a unique 20-kDa desmoso- 
mal protein was reported [688]. This protein remains 
to be further characterised. 

Pemphigus herpetiformis is a chronic disease with 
a benign clinical course and good response to treat- 
ment [669]. Pemphigus herpetiformis may be in- 
duced by drugs such as D-penicillamine [673] and 
thiopronine [679]. There are reports that pemphigus 
herpetiformis may develop into PF [689]. In addition, 
PV which is converted into pemphigus herpetiformis 
was observed [675]. 

As in other autoimmune bullous diseases this in- 
terconversion may also be due to epitope spreading. 




Fig. 128. Pemphigus herpetiformis. Note the sparing of the 
axilla 
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Histopathological Findings 

Histopathologically, pemphigus herpetiformis may 
show eosinophilic spongiosis, neutrophilic spongio- 
sis and/or intraepidermal blister formation [655- 
686 ]. 

The fully developed lesion of pemphigus herpeti- 
formis displays an intraepidermal blister. In most re- 
ported cases, the blister is located subcorneally. Occa- 
sionally, it is located in the stratum spinosum and/or 
suprabasally (Figs. 130, 131). It usually contains acan- 
tholytic keratinocytes and numerous eosinophils 
and/or neutrophils. Rarely, the blister contains no in- 
flammatory cells. In the dermis there is usually 
perivascular and interstitial lymphocytic infiltrate 
with eosinophils. Neutrophils may also be present. 
Eosinophilic or neutrophilic spongiosis is usually 
seen on examining early urticarial lesions (Fig. 132, 
133). Sometimes, they are also present in the epider- 
mis at the side of the fully developed blister. Occa- 
sionally, the spongiosis is extensive with formation of 
intraepidermal vesicles (Fig. 134). 

As in other bullous autoimmune diseases, the his- 
tology alone is not enough to make a definitive diag- 
nosis. Immunofluorescence examinations are also 
needed. DIF using perilesional skin from affected pa- 
tients was positive in all reported cases and showed 
deposits of IgG on the surface of keratinocytes 
[655-686]. These deposits were found on the surface 
of keratinocytes of the entire epidermis or its upper 
or lower part. IIF examination with patient’s serum 
on normal human skin, and monkey and guinea-pig 
oesophagus demonstrated in 64% of reported cases 
circulating IgG antibodies to the cell surface of ker- 
atinocytes [655-686]. The IIF pattern in pemphigus 
herpetiformis can not be differentiated from that of 
PV or PF. 

Circulating IgG antibodies to autoantigens of 
pemphigus herpetiformis (Dsgi and Dsg3) can be de- 
tected using the recent commercially available ELISA 
test. 

Pemphigus herpetiformis can only be diagnosed 
by correlating the clinical picture and the histo- 
pathology with the results of the immunofluores- 
cence and ELISA examinations. 

Table 24 displays the diagnostic criteria of pem- 
phigus herpetiformis. 



Table 24. Diagnostic criteria of pemphigus herpetiformis 

Histology 

■ Acantholytic intraepidermal blister. The blister is 
usually located subcorneally. Occasionally it is 
located in the stratum spinosum and/or 
suprabasally 

and/or 

■ Eosinophilic or neutrophilic spongiosis 

DIF examination (using perilesional skin) 

■ Deposits of IgG on the surface of keratinocytes 
throughout the entire epidermis or its upper 
or lower part 

ELISA test 

■ Circulating IgG antibodies to Dsgi or Dsg3 

Western blot 

■ Circulating IgG antibodies to 1 30- or 1 60-kDa 
protein band 
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Fig. 1 30. Histopathology of a fully developed lesion of pemphigus herpetiformis. An intraepidermal blister can be seen in the 
stratum spinosum.The blister contains eosinophils, neutrophils and acantholytic keratinocytes 
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Fig. 131. Histology of a fully developed lesion of pemphigus herpetiformis. An intraepidermal blister which contains 
eosinophils, neutrophils and acantholytic keratinocytes can be seen. The blister is located in the stratum spinosum and 
suprabasally 
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Fig. 1 32. Early lesion of pemphigus herpetiformis displaying neutrophilic spongiosis 
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Fig. 1 33. Early lesion of pemphigus herpetiformis displaying eosinophilic spongiosis 
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Fig. 1 34. Pemphigus herpetiformis. Neutrophilic spongiosis with formation of intraepidermal vesicle 



Bacterial and Viral Induced 
Intraepidermal Blistering Diseases 



These diseases include the following: bullous impeti- 
go, staphylococcal scalded skin syndrome, herpes 
simplex, herpes zoster, varicella and hand-foot-and- 
mouth disease 



Bullous impetigo 

Bullous impetigo is a contagious disease which 
affects mainly children [446, 690-692]. In adults, it 
occurs usually in immunocompromised individu- 
als or those with malignant tumours or poor hygi- 
ene [692-694]. Staphylococcus aureus belonging 
to phage group II type 71 is the main causative organ- 
ism [1], however, group A Streptococcus has also 
been reported [695]. Clinically, there are tense, flac- 
cid clear and turbid blisters on normal or erythema- 
tous skin [446, 690-692]. They rupture quickly 
leaving eroded or crusted lesions with peripheral 
collarette scales (Figs. 135, 136). The lesions frequent- 
ly involve the face, trunk and limbs but any skin area 



may be autoinoculated. Healing occurs without scar- 
ring but sometimes with hypo-or hyperpigmenta- 
tion. 



Histopathological Findings 

Bullous impetigo is characterised histologically by 
formation of a subcorneal blister which contains 
serum and variable numbers of neutrophils (Figs. 
137-139)- Scattered acantholytic cells may also be 
present. There are also neutrophils ascending in the 
epidermis. In the dermis there is oedema and 
perivascular and interstitial infiltrate of lymphocytes 
and neutrophils. Sometimes, a few eosinophils are 
also present in the blister or in the dermal infiltrate. 
The blisters of bullous impetigo contain Gram-posi- 
tive bacteria usually Staphylococcus aureus. These 
bacteria, can be detected using swab (Fig. 140) and 
culture examinations. In histological sections, the 
bacteria can be demonstrated within the cytoplasm 
of the neutrophils or extracellularly by the Brown- 
Brenn modification of the Gram-stain [365]. 

Staphylococcus aureus causing bullous impetigo 
produces exfoliative toxin which is responsible for 
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Fig. 1 35. Bullous impetigo. Flaccid blisters, 
erosions and crusts on the knees of an 1 1- 
year-old boy. This was originally diag- 
nosed as linear IgA disease, however, the 
histology was consistent with bullous im- 
petigo and culture examination of blister 
contents revealed Staphylococcus aureus. 
Immunofluorescence examinations were 
negative 




Fig. 136. Bullous impetigo in a 3-year-old 
boy. The blisters have ruptured exposing 
erosions and crusts with peripheral col- 
larette scales which represent remnants of 
the blisters roof 




the splitting of the epidermis and blister formation 
[696-698]. Two forms of this toxin are recognised; 
exfoliative toxin A (ETA) and exfoliative toxin B 
(ETB) [699-700]. A recent study demonstrated that 
these toxins split the epidermis via cleavage of Dsgi 
[701-703]. In the epidermis, Dsgi is expressed mainly 
in the stratum granulosum and upper layers of the 



stratum spinosum (see page 19). This corresponds 
well with the site of blister formation in bullous im- 
petigo. 

The histopathology of bullous impetigo is similar 
to pemphigus foliaceus. Criteria that help to differen- 
tiate between the two diseases are displayed in Table 
25. 
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Fig. 137. Histopathology of bullous impetigo. A subcorneal blister containing neutrophils, serum and few acantholytic ker- 
atinocytes can be seen. In the upper dermis, there is perivascular and interstitial infiltrate of lymphocytes, neutophils and 
eosinophils 
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Fig. 138. Histopathology of bullous impetigo displaying a subcorneal blister which contains serum and many neutrophils.The 
epidermis is slightly hyperplastic and perivascular and interstitial superficial infiltrate of lymphocytes and neutophils can be 
seen 
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Fig. 1 39. Histopathology of bullous impetigo. At high magnification there are some eosinophils and acantholytic keratinocytes 
in addition to the neutrophils within the blister. There are also neutrophils in the epidermis and the dermal papillae 




Fig. 1 40. Gram-stain of a swab of the contents of a blister from a 
patient with bullous impetigo. Gram-positive bacteria within the 
cytoplasm of the neutrophils are seen 



Table 25. Points of difference between bullous impetigo and pemphigus follaceus 



Bullous impetigo 


Pemphigus foliaceus 


In the blister, Gram-positive bacteria can be 
demonstrated within the cytoplasm of neutrophils 
or extracellularly by the Brown-Brenn modification 
of the Gram-stain 


usually no bacteria can be demonstrated 


DIF: negative 


DIF: postive showing IgG deposits 
on the cell surface of keratinocytes 
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Staphylococcal scalded skin syndome 

Staphylococcal scalded skin syndrome (SSSS) is a 
life-threatening intraepidermal blistering disease 
first described by Ritter von Rittershain in 1878 [704]. 
It is caused by ETA or ETB [696-700, 705-711] pro- 
duced by Staphylococcus aureus belonging to phage 
group II (type 3A, 3B, 3C, 55, or 71) and occasionally to 
groups I and III. The toxins reach the skin via the cir- 
culation and induce splitting of the epidermis 
through the granular layer. As in bullous impetigo, 
the toxins induce splitting of the epidermis via cleav- 
age ofDsgi [701-703]. 

SSSS affects mainly neonates and young children, 
perhaps due to lack of immunity to the exfoliative 
toxins and renal immaturity leading to poor clear- 
ance of these toxins [712, 713]. It occurs rarely in 
adults and in most cases renal failure, malignancy or 




Fig. 141. A newborn with staphylococcal scalded skin syn- 
drome. (From Rieger-Fackeldey E, Plano LR, Kramer A, Schulze 
A (2002) Staphylococcal scalded skin syndrome related to an 
exfoliative toxin A- and B-producing strain in preterm infants. 
Eur J Pediatr 1 61 :649-52 with permission) 
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immunosuppression were predisposing factors 
[714-717]. The initial clinical features are fever, ery- 
thematous rash and skin tenderness [718-721]. With- 
in 24-48 hours the skin wrinkles, forming large fiac- 
cid superficial blisters with positive Nikolsky signs. 
When these blisters rupture the skin peels off in 
sheets leaving moist painful red areas (Fig. 141). Mu- 
cous membranes are usually spared except for con- 
junctivitis. Staphyococcus aureus is not present in the 
blisters of SSSS but at the suspected site of infection, 
commonly the umbilicus, conjunctiva, surgical 
wounds, nasopharynx, or occasionally (especially in 
adults) blood. Nursing staff infected or colonised 
with exfoliative-toxin-producing strains of Staphylo- 
coccus aureus have been the source of outbreaks of 
SSSS in neonatal units [722,723]. 

SSSS remains a dangerous disease. The mortality 
rate in adults exceeds 50% and is less than 4% among 
children treated with appropriate antibiotics [718]. 

Histopathological Findings 

SSSS is characterised histologically by formation of a 
subcorneal blister which usually occurs along the 
whole length of the biopsy (Figs. 142, 143). It often 
contains serum and erythrocytes and sometimes a 
few neutrophils. Scattered acantholytic cells may also 
be present. The epidermis is slightly hyperplastic and 
in the upper dermis sparse perivascular and intersti- 
tial infiltrate of lymphocytes and neutrophils can be 
observed. Sometimes a few eosinophils are also pres- 
ent. 

The histology alone is not enough to make a pre- 
cise diagnosis of SSSS. Similar changes can also be 
seen in bullous impetigo and pemphigus foliaceus. 
Correlation of the histology with the clinical infor- 
mation, the results of DIF, immunoblotting (or 
ELISA) and bacterial examinations is therefore im- 
portant for making a correct diagnosis. 
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Fig. 1 42. Histopathology of staphylococcal scalded skin syndrome. A subcorneal blister affecting the entire length of the biop- 
sy can be seen. The blister contains erythrocytes and acantholytic keratinocytes. In the dermis a superficial perivascular and in- 
terstitial Infiltrate of lymphocytes and neutrophils is present 
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Fig. 143. Histopathology of staphylococcal scalded skin syndrome. A subcorneal blister affecting the entire length of the biop- 
sy and contains serum, erythrocytes and acantholytic keratinocytes. In the dermis a superficial perivascular and interstitial 
mixed infiltrate of lymphocytes, neutrophils and some eosinophils can be seen 
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Herpes simplex. Varicella, Herpes zoster 

These three diseases have identical histological 
changes and will be discussed together. 



Herpes simplex 

Herpes simplex is an acute self-limited disease 
caused by herpes simplex virus (HSV) [724-726]. 
Two types of this virus have been recognised HSV-i 
and HSV-2. Lesions caused by HSV-i are usually lo- 
cated extragenitally, while those caused by HSV-2 oc- 
cur mainly on the genitals and buttocks. This distinc- 
tion is however not absolute [724]. Herpes simplex 
virus infection has two phases, primary infection, af- 
ter which the virus becomes latent in a nerve gan- 
glion, and recurrent infection that results from re- ac- 
tivation of the virus [725-726]. 



The primary infection occurs by direct exposure 
through mucocutaneous contact with another infect- 
ed individual and the incubation period varies be- 
tween 3-15 days [725-727]. In most cases the infection 
proceeds asymptomatic and can only be detected 
from an elevated IgG antibody titer [728]. It other- 
wise manifests itself clinically as herpetic gingivos- 
tomatitis, herpes progenitalis or herpetic keratocon- 
junctivitis [446, 724, 725, 727, 729]. Primary infection 
with herpes simplex virus can, however, develop in 
any area of the skin where inoculation has occurred. 
Herpetic gingivostomatitis occurs mainly in chil- 
dren. It is manifested by painful grouped vesicles on 
the buccal mucosa, tongue, palate, gingiva, lips and 
the surrounding skin. The vesicles quickly turn into 
pustules and ulcers covered with a gray membrane 
(Fig. 144). There is usually malaise, fever, sore throat 
and enlarged cervical lymph nodes. Herpes progeni- 
talis occurs in the genital region and affects mainly 
adolescents or young adults following sexual contact 




Fig. 144. Confluent vesiculo-pustules on 
the tongue and the lower lip of a 1 0-year- 
old boy with herpetic gingivostomatitis 
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Fig. 145. Recurrent herpes simplex labials. Grouped vesicles and vesiculo-pustules on the lips and the surrounding skin 



Fig. 146. Grouped and confluent vesiculo- 
pustules and erosions on erythematous 
skin on the penis of a patient with recur- 
rent genital herpes simplex 




and has a similar clinical picture to that of herpetic 
gingivostomatitis. It is rare in children and if it oc- 
curs, it is mostly due to sexual abuse [729]. 

Exposure to herpes simplex virus in a mother’s 
vaginal secretions during the process of delivery can 
result in a primary neonatal infection in about 8% of 
cases [730]. The manifestations appear at day 4 to 7 of 
life by the development of characteristic herpetic le- 
sions namely, grouped vesicles atop erythematous 
skin [730-732]. The lesions may be localized or dis- 



seminated and there may be CNS and visceral organ 
involvement. Neonatal herpes simplex is a life-threat- 
ening disease and should be treated promptly [732, 
733]. Recurrent herpes simplex infection usually oc- 
curs at the site of the primary infection and may be 
precipitated by stress, UV-radiation, menstruation or 
infections [724, 725, 734, 735]. The common sites for 
recurrent herpes simplex are face and lips, buttocks 
and genitals (Figs. 145, 146). The patient usually feels 
tingling, burning or even pain which is followed short- 
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Fig. 148. Eczema herpeticum in a patient 
with atopic dermatitis 
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ly by erythema and formation of grouped vesicles. 
These eventuate in pustules, erosions and crusts and 
healing usually occurs spontaneously in a few days. 

In immunocompromised individuals [736] or pa- 
tients with malignant diseases [737] herpes simplex 
infection may recur more frequently and ulcerating 
and vegetating lesions lasting for weeks to months 
may develop (Fig. 147). Widespread cutaneous infec- 
tion with herpes simplex may occur in patients with 
atopic dermatitis [738], Darier’s disease [739],Hailey- 
Hailey disease [740] or cutaneous T-cell lymphoma 
[741] causing eczema herpeticum (Fig. 148). Clinical- 
ly, there are umbilicated vesicles that are first lo- 
calised to sites of the diseased skin and later become 
generalised. The vesicles usually progress to pustules, 
erosions and crusts. Eczema herpeticum is usually 
associated with fever, malaise, generalised lym- 
phadenopathy and maybe fatal [742]. 

Herpes whitlow 

Herpes whitlow refers to primary or recurrent herpes 
simplex infection of the fingers or the hands [743, 
744]. It is common in medical and dental personal 
and is considered an occupational hazard. 

Herpes gladiatorum 

Herpes gladiatorum is primary or recurrent herpes 
simplex infection that has been reported among 
wrestlers [745,746]. 



Varicella and Herpes zoster 

Varicella and Herpes zoster are caused by varicella- 
zoster virus (VZV) [747]. VZV belongs to subfamily Al- 
phaherpesvirinae along with HSV-i, HSV-2, cy- 
tomegalovirus and Epstein-Barr virus. Similar to HSV- 
1 and HSV-2, VZV is a double-stranded DNA virus. 



Varicella 

Synonym: Chicken pox 

Varicella represents the primary infection with VZV 
and is acquired by inhalation of respiratory secre- 
tions or contact with skin lesions of infected individ- 
uals [747, 748]. It affects predominantly children but 
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Fig. 149. Vesicles, vesiculo-pustules and erosions on erythe- 
matous skin in a pregnant woman with varicella 



occurs also in adults. The infection starts in the upper 
respiratory tract and after replication of the virus in 
the regional lymph node, a viremia seeds the reticu- 
loendothelial tissues. A secondary viremia follows 
which causes dissemination to the skin. The incuba- 
tion period is 2-3 weeks. Clinically, the appearance of 
the skin lesions is usually proceeded 2-3 days by pro- 
drome of malaise, chills, fever, headache, nausea and 
myalgia especially in older children and adults [749]. 
The skin lesions are pruritic and generalised with 
predilection to the trunk, head, scalp, oral mucosa 
and proximal upper extremities [747-750]. They ap- 
pear in successive crops and consist of macules which 
develop into papules and vesicles (Figs. 149, 150). The 
vesicles are 2-4 mm in diameter and characteristical- 
ly have a dew drop on a rose petal appearance (Fig. 
150) and maybe haemorrhagic. The vesicles turn rap- 
idly into pustules which over the next few days en- 
crust and then clear. Characteristic for varicella is the 
simultaneous presence of lesions in all stages of de- 
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Fig. 150. Vesicles and papulovesicles on 
erythematous skin in a 33-year-old 
woman with varicella. At high magnifica- 
tion a vesicle with the characteristic dew 
drop on a rose petal appearance is dis- 
played 




velopment. Varicella is highly contagious and the pa- 
tient is infectious from 2 days prior to the appearance 
of the skin lesion until all lesions have crusted. [751, 
752]. Complications, most commonly encephalitis, 
pneumonia, Reye’s syndrome and glomerulonephri- 
tis may occur especially in adult patients or immuno- 
compromised individuals [751,753-57]. 



During pregnancy, maternal varicella can cause 
congenital foetal malformation (congenital varicella 
syndrome) especially if it occurs during the first 
trimester [758]. 

Varicella usually confers lifelong immunity [747, 

751]. 
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Herpes zoster 

After varicella infection, VZV resides in the dorsal 
ganglion cells and enters a latent state. Herpes zoster 
occurs on recrudescence of the latent VZV [759,760]. 
The mechanism by which the virus becomes active is 
still not completely understood. However, age, malig- 
nancy, immunosuppression, fatigue, stress and radia- 
tion therapy have been implicated in reactivating the 
virus [747, 761-763]. Herpes zoster eruption is unilat- 
eral and occurs in a dermatomal distribution (Fig. 
151). It begins with erythematous swollen plaques on 
which grouped vesicles rapidly appear. These 
progress within a few days to pustules, followed by 
crusting and eventual healing in 2-3 weeks. Some- 
times the vesicles may become haemorrhagic or 
necrotic, ulcerate and slough. Occasionally, a few 
vesicles may be found outside the affected der- 
matome and across the midline [747, 764]. Intense 
pain in the involved dermatome precedes by a few 
days the appearance of the lesions in more than 90% 
of cases [747]. Postherpetic neuralgia occurs in 
10-15% of all herpes zoster patients and in at least 
50% of patients over 60 years of age [765]. Usually pa- 
tients feel a reduction of pain within 6 months, how- 
ever, this is variable [764]. In elderly, debilitated and 
immunocompromised patients, herpes zoster is se- 
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vere and prolonged and may be complicated by 
necrosis and scarring [764, 766]. In about 40% of im- 
munocompromised patients, cutaneous dissemina- 
tion of herpes zoster may occur (defined as greater 
than 20 vesicles remote from the primarily affected 
and adjacent dermatomes) [747]. In 10% of these pa- 
tients visceral (lung, liver, brain) involvement may 
follow [747]. Herpes zoster occurring early or late in 
pregnancy have no harmful effects on the mother or 
the infant [767]. 

Ramsay Hunt syndrome 

Ramsay Hunt syndrome which is named after the 
first describer [768], refers to Herpes zoster of the ex- 
ternal ear or tympanic membrane and ipsilateral fa- 
cial paralysis with or without auditory symptoms 
(tinnitus, vertigo, deafness) [747]. It results from in- 
volvement of facial and auditory nerves by VZV. 

Herpes zoster ophthalmicus 

Herpes zoster ophthalmicus results from involve- 
ment of the ophthalmic division of the trigeminal 
nerve (fifth cranial nerve) [747, 761, 765, 769]. The 
ophthalmic division divides further to three branch- 




Fig. 151. Herpes zoster. Grouped vesicles and vesiculo-pustules on erythematous oedematous plaques.The lesions are unilat- 
eral and have dermatomal distribution 
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es: the frontal, the lacrimal and the nasociliary. In- 
volvement of the frontal or lacrimal branches causes 
mostly periocular involvement and spares the eye- 
ball. The nasociliary branch innervates the side and 
tip of the nose in addition to the eyeball. Affection of 
this branch therefore may be associated with serious 
ocular complications such as corneal ulceration and 
scarring. If vesicles appear on the nose (Hutchinson’s 
sign) during an episode of zoster ocular complica- 
tions are suggested and ophthalmic consultation is 
required. 

Sacral zoster 

Sacral zoster especially that affecting dermatomes S2, 
S3 and S4 maybe associated with neurogenic bladder 
with urinary hesitancy or urinary retention [770]. 

Histopathological Findings 

Herpes simplex, varicella and herpes zoster have 
identical histological features. In early lesions there is 
focal pallor and ballooning of keratinocytes [365, 
771] . Some of the nuclei of the keratinocytes are kary- 
olytic and some are steel-gray with margination of 
the nucleoplasms. There may be individual dyskera- 
totic, acantholytic and multinucleated keratinocytes 
(Fig. 152). In the dermis, a sparse superficial perivas- 
cular and interstitial infiltrate of lymphocytes and 
sometimes also neutrophils is usually present. 

In time, and probably as a consequence of balloon- 
ing and acantholysis of the keratinocytes, intraepi- 



dermal blister forms [400, 369, 371]. The blister con- 
tains characteristically multinucleated acantholytic 
keratinocytes with steel-gray nuclei and marginated 
nucleoplasm (Figs. 153, 154). It also contains necrotic 
keratinocytes and keratinocyte ghosts. In the dermis, 
a superficial and sometimes deep perivascular and 
interstitial infiltrate of lymphocytes, neutrophils and 
occasionally eosinophils is present. Leukocytoclastic 
vasculitis is observed in some lesions. At the sides of 
the formed intraepidermal blister, changes similar to 
that of the early lesion namely pale and ballooned 
keratinocytes may be seen. The blister may rupture 
and become subepidermal. The multinucleated acan- 
tholytic keratinocytes are diagnostic for infection 
with HSV and VZV and represent keratinocytes that 
have been infected with the virus where they stain 
positively on immunohistochemical analysis using 
the appropriate anti-herpes virus antibodies [772] 
(Fig. 155). As a result of the keratinocyte necrosis neu- 
trophils are attracted to the vesicle forming a vesicu- 
lo-pustule (Fig. 156). With increasing keratinocyte 
necrosis, ulceration occurs with consequent fibrosis 
in the upper dermis (Fig. 157). 

Identification of the virus electron microscopically 
by negative staining of a smear from the vesicle fiuid 
or the ulcerative lesion allows confirmation of the di- 
agnosis of herpes virus infection [373] (Fig. 158). How- 
ever, it does not allow differentiation between the 
three diseases because HSV and VZV look identical 
electron microscopically. Differentiation is possible 
by immunohistochemical studies (Fig. 155) or by poly- 
merase chain analysis of the virus DNA [372,774]. 
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Fig. 1 52. Early lesion of herpes virus infection.The epidermis is hyperplastic and displays pale ballooned keratinocytes. Vacuoles 
and an initial intraepidermal blister in addition to multinucleated and dyskeratotic keratinocytes can be seen. Many ker- 
atinocytes have karyolytic nuclei. The papillary dermis is oedematous and there is a superficial infiltrate of lymphocytes and 
many neutrophils 
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Fig. 1 53. Early fully developed lesion of herpes virus infection. Intraepidermal blisters with multinucleated and dyskeratotic ker- 
atinocytes can be seen. In the upper dermis, a mixed-cell infiltrate of lymphocytes, neutrophils and eosinophils is present 
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Fig. 154. Fully developed lesion of herpes virus infection. An intraepidermal blister containing multinucleated keratinocytes 
with steel-blue nuclei and nucleoplasm margination can be seen. Dyskeratotic and acantholytic keratinocytes as well as many 
neutrophils are also present 



139 








140 



Intraepidermal Blistering Diseases 



Chapter 3 



Multinucleated 
keratinocytes 
infected with 
HVS-2 stain 
positively 
with antibodies 
against it 




Fig. 1 55. Immunohistochennical identification of HSV-2 on paraffin embedded material. This specimen is from the patient with 
ulcerative herpes simplex displayed in Fig. 147. As seen here the immunohistochemical examination confirmed the diagnosis 
and showed that the lesion is caused by HSV-2 
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Fig. 156. Histopathology of a vesiculo-pustule of herpes virus infection. In this example the vesicle ruptured and became 
subepidermal. The necrosis of the keratinocytes attracts many neutrophils to the vesicle converting it into a vesiculo-pustule. 
This is a herpes virus infection because of the presence of numerous multinucleated keratinocytes with steel-blue nuclei 
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Fig. 1 57. Histopathology of ulcerative 
lesion of herpes virus infection. The 
diagnosis can easily be made from 
the presence of multinucleated ker- 
atinocytes with steel-blue nuclei 




Fig. 158. Electron microscopic demonstration of herpes virus 
by negative staining of a smear taken from vesicle fluid of a 
patient with herpes simplex infection, x 46,000 







Intraepidermal Blistering Diseases 



143 



Hand-foot-and-mouth disease 

Hand-foot-and-mouth disease is an enteroviral in- 
fection caused by Coxsackie virus (chiefly Ai6 but 
also A5, A6, Aio, B2 and B5) and enterovirus 71 
[775-780]. It affects mainly children but it also occurs 
in teenagers and adults. 

Clinically, there are gray- roofed vesicles surround- 
ed by a narrow rim of erythema [775-778, 780-785] 
(Fig. 159). The vesicles are usually tender and have an 
oval or oblong shape. They typically appear in the 
mouth (particularly on the tongue, buccal mucosa 
and hard plate) on palms. Angers, soles, toes and sides 
of feet. In the mouth they rupture quickly leaving 
shallow, yellow-gray ulcerations. A few days before 
the appearance of the cutaneous and oral lesions 
there are usually slight fever, malaise and mouth 
sores. The course of the hand-foot-and-mouth dis- 
ease is limited and the lesions usually resolve com- 
pletely within 1-2 weeks. In rare cases, severe and 
even fatal complications due to extensive systemic 
involvement (e.g., meningoencephalitis, myocarditis) 
have been reported [786, 787]. 
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Histopathological Findings 

Hand-foot-and-mouth disease is characterised histo- 
logically by formation of an intraepidermal blister 
with necrotic keratinocytes [365, 400] (Fig. 160). The 
blister is usually present in the upper part of the epi- 
dermis and is most probably formed secondary to se- 
vere ballooning of keratinocytes infected by the caus- 
tive virus. Oedema in the papillary dermis and a 
sparse superflcial perivascular and interstitial infil- 
trate of lymphocytes are usually present. In time, the 
blister may rupture and becomes subepidermal (Fig. 
160). In contrast to herpes infection there are no 
multinucleated acantholytic keratinocytes with steel- 
gray nuclei and marginated nucleoplasm. In early le- 
sions of hand-foot-and-mouth disease, the changes 
are similar to those of erythema multiforme. Howev- 
er, in hand-foot-and-mouth disease the necrotic ker- 
atinocytes are present mainly in the upper part of the 
epidermis and not in the lower part as in erythema 
multiforme. 





Fig. 1 59. Hand-foot-and-mouth disease. A Gray-roofed vesicles surrounded by a narrow rim of erythema. B Shallow gray ulcer 
on the side of the tongue 
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Fig. 1 60. Histopathology of hand-foot-and-mouth disease showing keratinocytes ballooning, epidermal necrosis and formation 
of intraepidermal vesicles. A subepidermal blister is also present which formed as a result of rupture of the intraepidermal vesi- 
cles. In the upper and mid-dermis there is an infiltrate of lymphocytes 







Intraepidermal Blistering Diseases 



Chapter 3 



145 



Miscellaneous Intraepidermal 
Blistering Diseases 



This group of intraepidermal blistering diseases in- 
cludes the following: 

1 . Dyshidrotic eczema 

2 . Friction blister 

3 . Hydro a vacciniforme 

4 . Miliaria crystallina 



Dyshidrotic eczema 

Dyshidrotic eczema (also called pompholyx, which 
means bubble in Greek) is a recurrent usually prurit- 
ic vesicular eruption on the palms and soles and sides 
of the fingers and toes [788, 789]. The term dyshidro- 
sis, was first coined by Tilbury Fox in 1873 [790] and 
the term pompholyx was first used by Jonathan 
Hutchinson in 1876 [791]. 

Dyshidrotic eczema is not uncommon and was re- 
ported to account for about 26.9% of all cases of hand 
eczema [792]. 

Although in most cases the cause of dyshidrotic 
eczema remains unknown, many factors have been 
reported to contribute to the development of this dis- 
order (Table 26). 

Atopic diathesis and atopic dermatitis were re- 
ported in 50% of patients with dyshidrotic eczema 
[793> 794]- In cases of contact sensitivity to metals, in- 
gestion of these metals or using them in implantation 
for medical purposes may cause dyshidrotic eczema 
or exacerbate it [792, 795-797]. Dyshidrotic eczema 



may also represent an id reaction to a fungal infec- 
tion (usually tinea pedis). In this case the eruption 
will disappear on treating the fungus [798, 799]. In 
addition, emotional stress and changes in weather 
may cause fiare-up of dyshidrotic eczema [788, 793]. 
Although in some patients palmar hyperhidrosis is 
apparent, there is no histopathological or electron 
microscopic evidence for the involvement of sweat 
glands or acrosyringria in the pathogensis of 
dyshidrotic eczema [800]. Dyshidrotic eczema may 
affect children, adults and the elderly, however, it is 
more common in adults where the mean age is about 
38 years [792]. Clinically, there are deep-seated tense, 
sago grain-like vesicles which are usually clear and 
occur in clusters. They affect the palms in addition to 
the palmar aspects and sides of the fingers [788, 789, 
801]. Rarely, the sole and toes may be involved. The 
vesicles are usually distributed symmetrically and 
may coalesce to form bullae which often are multiloc- 
ulated and have the appearance of tapioca (Figs. 161, 
162). Rupture of the vesicles or the bullae leaves col- 
larettes of scales. 



Table 26. Factors that may contribute to the development of 
dyshidrotic eczema [792-799] 

1 . Atopic dermatitis or atopic diathesis 

2. Contact sensitivity to metals especially nickel 
and cobalt 

3. Fungal infection (id reaction) 

4. Emotional stress 

5. Seasonal change (hot or cold temperature, 
humidity) 
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Fig. 1 61 . Dyshidrotic eczema. Tense vesicles and multiloculated bullae with tapioca appearance 




Fig. 1 62. Severe dyshidrotic eczema.Tense vesicles and multiloculated bullae with tapioca appearance affecting the entire palm 
and the fingers 



Histopathological Findings 

Dyshidrotic eczema is characterised histopathologi- 
cally by marked spongiosis with formation of in- 
traepidermal spongiotic vesicles [365, 400, 801] (Figs. 
163, 164). The epidermis is usually hyperplastic and 
there is exocytosis of lymphocytes and sometimes 
eosinophils. Scale-crust and/or parakeratosis may be 
observed. The dermis is usually oedematous and 
there is perivascular and interstitial lymphocytic in- 
filtrate. The infiltrate may be superficial or superficial 
and deep. Eosinophils may be present (Fig. 164). 



The vesicles may be separated from each other by 
epidermis remnants giving the histological appear- 
ance of reticular degeneration of the epidermis (Fig. 
164). 

There is no histopathological involvement of 
sweat glands or acrosyringria in dyshidrotic eczema. 

The histopathological features of dyshidrotic 
eczema are not diagnostic and can be seen in other 
diseases such as nummular dermatitis and acute al- 
lergic and photoallergic contact dermatitis. The his- 
tological findings should therefore be correlated with 
the patient’s history and the clinical picture. 
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Fig. 1 63. Histopathology of dyshidrotic eczema showing tense intradermal vesicles which eventuate from the marked spongio- 
sis. In the dermis superficial perivascular lymphocytic infiltrate is seen 
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Fig. 164. Histopathology of dyshidrotic eczema showing tense spongiotic intraepidermal vesicles which are separated from 
each other by septa of epidermis remnants giving the appearance of reticular degeneration. In the dermis, superficial, perivas- 
cular and interstitial lymphocytic infiltrate with numerous eosinophils can be seen 
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Friction blister 

Friction blisters are mechanically induced intraepi- 
dermal blisters resulting from rubbing of the skin 
against another object [802-804]. This object is usu- 
ally poorly fitting shoes or sport instruments such as 
rackets or skates. Friction blisters may also result 
from self-inflicted injuries [805]. 

Studies with rubbing techniques have shown that 
friction blisters are due to frictional forces which me- 
chanically separate the epidermis at the level of the 
stratum spinosum [802]. Fluid (serum and sweat) 
collects consequently in the separated area due to hy- 
drostatic pressure. Moist skin increases the frictional 
forces and enhances the blister formation. Friction 
blisters are therefore more common among soldiers 
and athletes. They can occur anywhere on the skin 
surface, but are usually located on the feet and hands. 
As seen in Figure 165 A, the blister is tense, clear and 
surrounded by erythema. The patient may experi- 
ence pain or burning. In time the blister may become 
haemorrhagic or secondarily infected. With further 
friction the blister ruptures, leaving an erosion. 

Histopathological Findings 

Histopathologically friction blisters are charac- 
terised by formation of an intraepidermal blister 
which is located at the level of the upper part of the 
stratum spinosum [802-804] (Fig. 165 B). The blister 
cavity usually contains a clear fluid. The epidermis 
forming the blister roof is necrotic and there may be 
high mitotic activity of the basal keratinocyles. In 
the dermis there is sparse superficial lymphocytic 
infiltrate. On secondary infection the blister and the 
infiltrate may contain neutrophils. 



Hydroa vacciniforme 

Hydro a vacciniforme (HV) is a rare idiopathic photo- 
dermatosis [806, 807] which was first described by 
Bazin in 1862 [808]. It is called “hydroa” because the 
primary lesions appear to contain water and are “vac- 
ciniforme” because the vesicles simulate those of vac- 
cinia [801]. 

HV has its onset in childhood and is characterised 
by a chronic recurrent course [806, 807]. Spontaneous 
resolution normally occurs during adolescence. How- 
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ever, some cases may persist into adult life [809] or 
may have late onset [810]. HV is usually sporadic and 
very rarely familial cases have been reported [811]. 

Clinically, itchy red macules develop 15 min to 24 
hrs after sun exposure [801, 806, 807, 809, 810]. These 
develop into tender red papules, that progress into 
tense vesicles which umbilicate. The vesicles then be- 
come flaccid, haemorrhagic and form crusts (Fig. 
166). Bullae sometimes occur. Healing takes place in 
1-6 weeks with characteristic vacciniform scarring. 
HV lesions appear on sun-exposed areas, especially 
the helices of the ears, cheeks, the bridge of the nose 
and dorsa of the hands and forearms. Occasionally, 
photo onycholysis, and ocular involvement with con- 
junctivitis, keratitis and even corneal ulceration and 
scarring may occur. HV tends to be worse during 
spring and summer months and in many patients, the 
lesions can be reproduced by experimental irradia- 
tion with UV-A, or, less frequently, with UV-B [807]. 

Histopathological Findings 

The histopathological findings in HV consist of 
marked ballooning of the keratinocytes which results 
in necrosis of the epidermis and formation of in- 
traepidermal vesicles (Fig. 167) [365, 400, 801]. 

The vesicles usually contain serum, and remnants 
of keratinocytes, lymphocytes and neutrophils. They 
may become separated from each other by thin septa 
of keratinocyte remnants giving the histological ap- 
pearance of reticular degeneration of the epidermis. 

In areas of the necrotic epidermis neutrophils are 
usually present. There is also oedema of the papillary 
dermis in addition to superficial perivascular and in- 
terstitial lymphocytic infiltrate with neutrophils and 
sometimes eosinophils (Fig. 167). 

The intraepidermal vesicles may attain a large size 
and rupture with consequent formation of sub epi- 
dermal blisters. 

Sometimes, intraepidermal vesicles and subepi- 
dermal blisters are coincidentally present in the same 
histopathologic section. 

The histopathological changes of HV are not diag- 
nostic and very difficult if not impossible to distin- 
guish from that of bullous phototoxic contact der- 
matitis, bullous phytophotodermatitis, bullous irri- 
tant contact dermatitis and hand-foot-and-mouth 
disease. Correlation of the histology with the pa- 
tient’s history and the clinical picture is therefore 
very important to make a correct diagnosis. 
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Fig. 165. A Friction blister on the big toe of a young wo- 
man due to wearing shoes of incorrect size and form. 
B Histopathology of friction blister showing intraepidermal 
blister in the upper stratum spinosum.The epidermis forming 
the blister roof is necrotic. In the dermis there is sparse super- 
ficial lymphocytic infiltrate with neutrophils 
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Fig. 1 67. Histopathology of hydroa vacciniforme. Keratinocytes ballooning, epidermal necrosis and intraepidermal vesicles can ► 
be seen. There is also a subepidermal blister which formed as a result of rupture of the intraepidermal vesicles. In the upper and 
mid-dermis there is a mixed infiltrate of lymphocytes, neutrophils and eosinophils 
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Fig. 166. Hydroa vacciniforme. Erosions 
and haemorrhagic crusts on the bridge of 
the nose of a 9-year-old child (By courtesy 
of AS. Hassan, Department of Dermatol- 
ogy, University of Cairo, Egypt) 




Necrotic 

epidermis 



Subepidermal 

blister 



Infiltrate 
in upper 
and 

mid-dermis 




Ballooned 

keratinocytes 



Intraepidermal 

vesicle 



Necrotic 

epidermis 

with 

neutrophils 

Subepidermal 

blister 



Mixed 

infiltrate 

of 

lymphocytes, 

neutrophils 

and 

eosinophils 









152 



Intraepidermal Blistering Diseases 



Chapter 3 



Miliaria crystallina 

Miliaria is a transient occlusive disorder of eccrine 
sweat gland ducts with leakage of sweat into the epi- 
dermis or papillary dermis [446, 812, 813]. It often oc- 
curs in hot humid weather. Depending on the level at 
which the sweat duct occlusion occurs, there are three 
types of miliaria. These are: miliaria rubra, miliaria 
profunda and miliaria crystallina. In miliaria rubra, 
the occlusion occurs in the intraepidermal parts of 
the sweat ducts with outpouring of the sweat into the 
lower epidermis. In miliaria profunda the ducts are 
occluded at the dermal-epidermal region with leak- 
age of sweat into the papillary dermis. In miliaria 
crystallina which is the main condition discussed 
here, the obstruction of the sweat ducts is intra- 
corneal and sweat leaks into the stratum corneum re- 
sulting in formation of subcorneal vesicles. Miliaria 
crystallina may affect any person but the disease is 
more frequent in neonates and children [814, 815]. 
Clinically, disseminated tense, fragile, clear dewdrop- 
like vesicles can be observed [446, 812, 815] (Fig. 168). 
These are asymptomatic, up to pinhead size and ap- 



pear on normal skin. Predilection sites are the face, 
trunk and intertrigenous areas. Lesions of miliaria 
crystallina appear within days to weeks of exposure 
to hot weather and are of short duration where 
they disappear spontaneously, usually within hours 
to a few days. Fine desquamation may follow. Mili- 
aria crystallina may also be congenital and three 
cases have been as yet reported [815-817]. Miliaria 
crystallina was first described by Robinson in 1884 
[818]. 

Histopathological Findings 

Histopathologically miliaria crystallina is charac- 
terised by formation of a subcorneal blister which 
may appear empty or contain some neutrophils 
(Fig. 169). In the dermis sparse superficial perivascu- 
lar lymphocytic infiltrate with few neutophils is pres- 
ent. 

Since subcorneal blisters containing neutrophils 
may also be seen in other diseases like impetigo or PF, 
the histology should be interpreted in correlation 
with the clinical picture and the patient’s history. 




Fig. 1 68. Clinical picture of miliaria crystallina. Clear dewdrop- 
like vesicles on normal skin 







Intraepidermal Blistering Diseases 



153 



Chapter 3 



Stratum corneum 



Subcorneal 

blister 



Epidermis 



Sparse 

perivascular 

and 

interstitial 

superficial 

infiltrate 




A 



Stratum corneum 



Subcorneal 

blister 



Neutrophils 



Perivascular 

and 

interstitial 

superficial 

infiltrate 




B 



Fig. 1 69. Histopathology of miliaria crystallina. Subcorneal blister which may appear empty A or may contain a few neutrophils 
B Fig. 1 69A is by courtesy of A. Rutten, Dermatopathologisches Gemeinschaftslabor, Friedrichshafen, Germany 
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These diseases are characterised histopathologically 
by formation of subepidermal blisters and can be 
classified into three main groups. These are: 
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Autoimmune Subepidermal Blistering 
Diseases 



These diseases include the following: bullous pem- 
phigoid, herpes gestationis, lichen planus pem- 
phigoides, cicatricial pemphigoid, epidermolysis bul- 
losa acquisita, dermatitis herpetiformis, linear IgA 
disease and bullous systemic lupus erythematosus. 



Bullous pemphigoid 

Bullous pemphigoid (BP) is an acquired autoimmune 
subepidermal blistering disease which is charac- 
terised by in vivo deposition of IgG auto antibodies 
along the cutaneous BM zone [819-821]. 

Patients with BP have circulating IgG auto anti- 
bodies against BPAGi (a 230-kDa glycoprotein of the 
inner plaque of the hemidesmosome) [107, 115] and 
BPAG2 (a 180-kDa desmosomal transmembrane gly- 
coprotein) [137-141]. For more details about BPAGi 
and BPAG2 see CHAPTER 2. 

BPAGi, is the major antigenic determinant of BP, 
where greater than 90% of sera from BP immunopre- 
cipitate it [116]. It is, however, unlikely that anti- 
BPAGi antibodies are directly responsible for initiat- 
ing the dermal-epidermal blistering seen in BP pa- 
tients because no blisters develop in BPAGi knockout 
mice [107]. Antibodies to BPAGi were suggested to be 
secondary and result from epitope spreading [822]. 
About 50% of bullous pemphigoid sera reacted with 
BPAG2 [116, 137]. The circulating anti-BPAG2 autoan- 
tibodies were found to be pathogenic and their in- 
traperitoneal injection in neonatal mice resulted in 
the development of blistering eruptions that were 
clinically and histologically similar to BP [150]. How- 
ever, how these antibodies mediate the blister forma- 
tion, is still not exactly known. The levels of antibod- 
ies to BPAG2 correlate with disease activity [823]. 

BP is the most common autoimmune blistering 
disease with a reported incidence of 10 cases per one 
million population [821]. It affects mainly elderly 
people [819-821] but can also occur in infants [824] 
and children [825]. No ethnical or gender predomi- 
nance was observed [819]. Association of BP and 
HLA-DQBi"^ 0301 was reported [826]. Clinically there 
are large serous or haemorrhagic tense blisters that 
arise on normal or erythematous skin [819, 820] (Fig. 
170). Erosions and crusts as a consequence of the blis- 
ters’ rupture are usually present [819]. Occasionally 
the blisters are arranged at the periphery of the ery- 



thematous skin and in rare cases they are sausage 
shaped as in linear IgA disease. During the early stage 
of the disease there are urticarial papules and 
plaques (Fig. 171). The latter may appear serpiginous 
[819, 820]. At times pruritus is present and may be 
very severe [827]. Lesions of BP heal usually without 
scar formation and the predilection sites are the in- 
ner or anterior thighs, groin, flexor surfaces of the up- 
per extremities and lower abdomen [819, 820]. Any 
skin area may, however, be involved. Oral lesions are 
rare and usually transient [820]. 

BP may be induced by UV-light [828-830], drugs 
[831-833] or vaccination [834, 835]. 

A slight increased incidence of psoriasis in pa- 
tients with BP was observed [836-838]. Fig. 172 shows 
a patient with concomitant BP and psoriasis. BP was 
also reported to occur frequently in patients with 
multiple sclerosis [839, 840]. The relation between 
these two diseases has yet to be identifled. 




Fig. 170. Bullous pemphigoid. Large tense serous and haem- 
orrhagic blisters on normal and erythematous skin. There are 
also erosions and crusts 
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Fig. 171. Bullous pemphigoid during the 
early stage showing mainly urticarial 
papules and plaques. Some of the plaques 
have serpiginous borders. There are also 
large tense blisters on normal and erythe- 
matous skin in addition to erosions and 
crusts 




There is no increased incidence of malignancy in 
BP patients as previously suggested [819, 820]. Since 
both conditions are common in elderly people, the 
occurrence of malignancy in BP patients is most 
probably a chance association. 

The course of BP is benign and self-limited where 
spontaneous remission usually occurs within months 
to years [819, 821]. However, in debilitating patients 
BP is potentially fatal [819, 820]. In addition, recent 
studies have shown that in BP patients with circulat- 
ing autoantibodies against BPAG2 the disease is se- 
vere and may be fatal [841, 842]. 




Fig. 172. Bullous pemphigoid and psoriasis in the same 
patient 
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Bullous pemphigoid 

with atypical clinical presentations 

Localised BP 

Localised BP is a form of BP which is localised to one 
area of the body [819, 843]. It may remain localised or 
may progress to a generalised form. In most cases, 
localised BP develops following radiotherapy [844- 
846]. A form of localised BP which affects girls and is 
confined to the genital area was also reported [847]. 

Erythrodermic pemphigoid 

Erythrodermic pemphigoid is a form of BP in which 
patients present with erythroderma either with or 
without typical blistering lesions of BP [848-854]. 
Erythrodermic BP was first reported by Tappeiner et 
al. in 1982 [854]. Only about 6 patients have been 
reported [848-854]. 

Dyshidrosiform pemphigoid 

Dyshidrosiform pemphigoid is a form of BP in which 
patients have overlapping features of dyshidrotic 
eczema and BP [855-863] (Fig. 173). It was first 
described by Levine et al. in 1979 [863] and only about 
16 cases have been reported [855-863]. 

Vesicular pemphigoid 

Vesicular pemphigoid is a form of BP which was first 
described by Bean et al. in 1976 [864]. Hitherto about 
32 cases have been reported [864-875]. Clinically, it 
resembles dermatitis herpetiformis with formation 
of tense grouped usually pruritic vesicles. Not 
uncommonly large blisters are present (Fig. 174). 
Contrasting to dermatitis herpetiformis, DIF reveals 
linear IgG deposits at the BM zone. 

Vesicular pemphigoid was also called polymor- 
phic pemphigoid [868]. 

Nodular pemphigoid 

Nodular pemphigoid is a form of BP in which the 
patients have overlapping features of prurigo nodu- 
laris and BP [876-887] (Fig. 175). The lesions are pres- 
ent mainly on the scalp, back and extremities. Nodu- 
lar BP was first described by Yung et al. in 1981 [876]. 
Only about 8 cases of nodular BP have been described 
[876-887]. 



Pemphigoid vegetans 

Pemphigoid vegetans, which was first described by 
Winkelmann et al. in 1979 [888], is a form of BP in 
which patients present with vegetating intertriginous 
lesions. Only about 7 cases have been reported [888- 
894]. 

Seborrhoeic pemphigoid 

Seborrhoeic pemphigoid, which was first described 
by Schnyder in 1969 [895], is a form of BP which clin- 
ically resembles pemphigus erythematosus. Only 
about 4 cases have been reported [895-898]. 

While all of these BP subtypes are clinically dis- 
tinct, they share immunofiuorescence and im- 
munoblot findings that permit them to be diagnosed 
as BP [821, 843-854, 876-894] . In vesicular BP, howev- 
er, autoantibodies against plectin [872], desmoplakin 
I and II [873] and unidentified 200-kDa [874] and 
150-kDa [875] proteins have been observed. In 
dyshidrosiform and seborrhoeic pemphigoid the tar- 
get antigens have not been identified. 




Fig. 1 73. Tense vesicles and bullae in addition to eczematous 
changes on the palm of a patient with dyshidrosiform pem- 
phigoid 
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Fig. 174. Vesicular pemphigoid. Tense 
grouped vesicles and bullae on the inner 
surface of the arm. Erosions, crusts and ur- 
ticarial plaques are also seen 





Fig. 1 75. Nodular pemphigoid. Prurigo-like lesions on the back (better seen in right photograph) in addition to classical lesions 
of BP on the arm and forearm 
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Histopathological Findings 

A fully developed lesion of BP is characterised 
histopathologically by formation of subepidermal 
blisters [899]. The blisters are often accompanied by 
moderate to dense infiltrate of lymphocytes, numer- 
ous eosinophils and a few neutrophils (cell rich BP) 
(Fig. 176). Occasionally, the accompanying infiltrate is 
very scarce (cell poor BP) (Fig. 177). The blister usu- 
ally contains plasma, fibrin and infiammatory cells 
(lymphocytes, eosinophils and sometimes also neu- 
trophils). The epidermis above the blister is fiattened 
and may be necrotic. In the cell rich BP the infiltrate 
is usually present at the base and at the sides of the 
blister (Fig. 176). Sometimes it extends to the deep 
dermis (Fig. 178). In some cases of cell rich BP neu- 
trophils may dominate in the infiltrate (Fig. 178). 
Sometimes they are also present along the DEJ which 
usually shows vacuolar degeneration (Fig. 179). The 
neutrophils may collect in the dermal papillae with 
the formation of papillary neutrophilic abscesses as 
in dermatitis herpetiformis (Fig. 179). In patients 
with vesicular BP examined at our department we 
have observed that they have histopathologic features 
similar to that of dermatitis herpetiformis (Fig. 180). 
The blister in BP is located in the lamina lucida re- 
gion (Fig. 181). Early urticarial lesions of BP are char- 
acterised by superficial perivascular and interstitiel 
infiltrate of lymphocytes, numerous eosinophils and 
sometimes also neutrophils. The eosinophils and 
the neutrophils may also be present in the epidermis 



and at the BM zone which usually shows vacuolar 
degeneration. In the epidermis, the eosinophils and 
the neutrophils may be associated with spongiosis 
(eosinophilic and neutrophilic spongiosis) (Figs. 182, 

183). 

The histopathology alone is not enough to make 
an accurate diagnosis of BP [899]. Similar histo- 
pathological changes may be seen in other diseases 
(see Table 27). To ensure a precise diagnosis of BP, one 
should correlate the histopathology with the results 
of the immunofiuorescence examination in addition 
to the results of blister mapping and Western blot 
analysis [899]. 

DIF on clinically normal appearing perilesional 
skin showed in almost all cases of BP [820] linear de- 
posits of IgG along the BM zone (Fig. 184). On using 
NaCl split clinically normal appearing perilesional 
skin, the deposits of IgG are usually present along the 
epidermal side of the split [900] (Fig. 185). Sometimes 
the IgG deposits may be present on the dermal side 
(Fig. 186) or even on the dermal and epidermal sides 
of the split [900] (Fig. 187). IIF examinations with pa- 
tients’ sera on normal human skin as a substrate 
demonstrated circulating IgG antibodies to proteins 
of the BM zone in 65-80% of cases with active disease 
[901]. By immunoblotting, these antibodies recog- 
nized in more than 90% of cases BPAGi [116] and in 
about 50% of cases BPAG2 [116, 137]. Circulating IgG 
antibodies in BP can also be detected by ELISA [902]. 

Table 28 displays the diagnostic criteria of BP. 
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Fig. 176. Histopathology of a fully developed lesion of cell rich bullous pemphigoid showing a subepidermal blister containing 
fibrin and inflammatory cells. At the sides and base of the blister in addition to the upper and mid dermis, there are lymphocyt- 
ic infiltrates with numerous eosinophils and some neutrophils 
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Fig.1 77. Histopathology of a fully developed lesion of cell poor bullous pemphigoid displaying a subepidermal blister contain- 
ing fibrin and few inflammatory cells. In the dermis, there is sparse lymphocytic infiltrate with few eosinophils and neutrophils 
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Fig. 1 78. Histopathology of a fully developed lesion of cell rich bullous pemphigoid where the neutrophils are predominant in 
the infiltrate 
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Fig. 1 79. A fully developed lesion of cell rich bullous pemphigoid with histopathologic features similar to that of dermatitis her- 
petiformis. Subepidermal blisters and clefts in addition to lymphocytic infiltrate with many neutrophils can be seen. Neutrophils 
are also aligned along the BM zone and papillary neutrophilic abscesses are seen 
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Fig. 1 80. Histopathology of a fully developed lesion of vesicular pemphigoid. The histopathologic features are similar to those 
of dermatitis herpetiformis 
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Fig. 181. Blister mapping using an- 
tibodies against type IV collagen in 
a fully developed lesion of bullous 
pemphigoid. The blister is located 
in the lamina lucida region 
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Fig. 182. Urticarial lesion of bullous pemphigoid displaying spongiosis with eosinophils and neutrophils. These cells are also 
present along the BM zone which shows vacuolar degeneration. Perivascular and interstitial infiltrate of lymphocytes and many 
eosinophils can also be seen. A few neutrophils are also present 
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Fig. 1 83. Urticarial lesion of bullous pemphigoid showing dense perivascular and interstitial lymphocytic infiltrate with numer- 
ous eosinophils. The eosinophils are aligned along the BM zone which shows vacuolar degeneration. Eosinophils within the e- 
pidermis with formation of intraepidermal eosinophilic abscess can also be seen 
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Fig. 1 84. DIF using perilesional clinically normal appearing skin from a patient with bullous pemphigoid. Linear IgG deposits can 
be seen along the BM zone (arrow) 
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Fig. 1 85. DIF using NaCI split perilesional clinically normal appearing skin from a patient with bullous pemphigoid. Linear IgG 
deposits can be seen along the epidermal side of the split (arrow) 
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Fig. 186. DIF using NaCI split perilesional 
clinically normal appearing skin from a pa- 
tient with bullous pemphigoid. Linear IgG 
deposits can be seen along the dermal 
side of the split (arrow) 
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Fig. 187. DIF using NaCI split perilesional 
clinically normal appearing skin from a pa- 
tient with bullous pemphigoid. Linear IgG 
deposits can be seen on both sides of the 
split (arrows) 
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Table 27. Histopathologic differential diagnosis of BP 



BP 



histological differential diagnosis 



Cell rich BP 

with numerous eosinophils 
Cell rich BP 

with numerous neutrophils 



Cell poor BP 



Urticarial lesions of BP 



Inflammatory epidermolysis bullosa acquisita, linear IgA disease, 
herpes gestationis, cicatricial pemphigoid, bullous drug eruption 

Inflammatory epidermolysis bullosa acquisita, linear IgA disease, 
dermatitis herpetiformis, cicatricial pemphigoid, bullous systemic lupus 
erythematosus 

Classical epidermolysis bullosa acquisita, porphyria cutanea tarda, 
pseudoporphyria, toxic epidermal necrolysis, junctional and dystrophic 
epidermolysis bullosa 

Urticarial lesions of intraepidermal autoimmune bullous diseases, inflammatory 
epidermolysis bullosa acquisita, linear IgA disease,herpes gestationis, 
drug eruption, insect bite 



Table 28. Diagnostic criteria of BP 
Histology 

■ Subepidermal blister with scarce or moderate to 
dense infiltrate of lymphocytes, eosinophils and / 
or neutrophils 

■ Eosinophilic and/or neutrophilic spongiosis 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
DIF examination 

■ Perilesional intact human skin: 

Linear deposits of IgG along the BM zone 

■ Perilesional NaCI split skin: 

IgG deposits, along the epidermal, dermal or both 
sides of the split 

ELISA test 

■ Circulating IgG antibodies to BPAG1 and/or BPAG2 
Western blot 

■ Circulating IgG antibodies to 1 80 and/or 230-kDa 
protein bands 



Herpes gestationis 

Synonym: Pemphigoid gestationis 

Herpes gestationis (HG) is an autoimmune subepi- 
dermal blistering disease which develops in associa- 
tion with pregnancy or trophoblastic tumours, hy- 
dratiform mole and chorioncarcinoma [903-907]. 
The disease was first described by John Laws Milton 
in 1872 [908]. Despite its name HG has nothing to do 
with herpes virus infection [903]. It was named on 
the basis of the clinical features of the herpetiform 
blisters. 

HG is a rare disease and has been estimated to oc- 
cur in one of 3,000 to one of 10,000 pregnancies 
[903]. Patients with HG have significant association 
of HLA-DR4 and HLA-DR3 [909,910]. 

HG can affect any race but it is more common in 
Caucasians than in Negroes [903]. 

Patients with HG have in most cases circulating 
antibodies against BPAG2 and in rare cases against 
BPAGi [ii9d, 148, 911, 912]. Epitope mapping studies 
have revealed that HG and BP autoantibodies bind a 
common antigenic site within the non-collagenous 
domain NCi6a of BPAG2 [147]. HG begins usually in 
the second or third trimester but may occur at any 
time of pregnancy [903-907]. Onset in the post-par- 
tum period has also been reported. Clinically there 
are severe pruritic erythematous urticarial papules 
and plaques [903-907, 913]. In time, blisters develop 
and are usually arranged in a herpetiform pattern. 
Some patients, however, present only with urticarial 
papules and plaques and never have blisters. Lesions 
of HG usually begin on the abdomen with a predilec- 
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Fig. 188. Urticarial erythematous plaques 
on the abdomen of a pregnant woman 
with herpes gestationis 




tion for the periumbilical region. In the course of the 
disease they spread peripherally and may become 
generalised. Oral and vaginal mucous membrane le- 
sions maybe present but are uncommon. The disease 
activity abates at the end of pregnancy; however, 
many patients may have exacerbation of skin lesions 
immediately or shortly after delivery. The lesions 
usually disappear within weeks or months. Recur- 
rence of HG may occur with resumption of menstru- 
ation, on administration of oral contraceptive or with 
subsequent pregnancies (it then tends to occur earli- 
er and to be more severe). 

Infants born to affected mothers may present with 
skin lesions which disappear spontaneously within 
few days to few weeks as the maternal autoantibodies 
are cleared [906, 914]. In addition, an increased inci- 
dence of premature and small- for- date babies is asso- 
ciated with HG. 



Histopathological Findings 

The histopathology of HG is similar to that of cell 
rich BP [899] and shows subepidermal blisters with 
infiltrate of lymphocytes, numerous eosinophils and 
few neutrophils (Fig. 190). The blister usually con- 
tains plasma, fibrin and inflammatory cells (lympho- 
cytes, eosinophils and sometimes also neutrophils). 

The epidermis above the blister is flattened or necrot- 

ic. In addition, the urticarial lesions of HG are Fig. 189. Tense bullae on normal and erythematous skin, ero- 
histopathologically similar to that of BP and show sions and crusts on the forearm ofthe same patient displayed 
perivascular and interstitial infiltrate of lymphocytes in Figure 1 88 
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Fig. 1 90. Histopathology of a fully developed lesion of herpes gestationis displaying subepidermal blister which contains fibrin, 
erythrocytes, lymphocytes and neutrophils. Perivascular and interstitial lymphocytic infiltrate with eosinophils and neutrophils 
can also be seen 
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Fig. 191. Histopathology of urticarial lesion of herpes gestationis showing perivascular and interstitial lymphocytic infiltrate 
with eosinophils and neutrophils 



with many eosinophils and occassionally some neu- 
trophils are also found (Fig. 191). The eosinophils and 
neutrophils are also present along the DEJ which 
mostly displays vacuolar degeneration. Spongiosis 
with eosinophils and sometimes neutrophils may 
also be seen. 

Via blister mapping with antibodies to type IV col- 
lagen we found in our HG patients that the blister is 
located in the lamina lucida region (Fig. 192). 

Histopathology alone is not enough to make a de- 
finitive diagnosis of HG because many other diseases 
have similar findings (see Table 27). Correlation of 
the histopathological findings with the clinical pic- 
ture and the results of the DIF and the blister map- 
ping are necessary to make a correct diagnosis. 

DIF with perilesional clinically normal appearing 
skin shows deposits of C3 (in 100% of cases) and IgG 
(in 27% of cases) along the BM zone [915] (Fig. 193). 

As mentioned above, patients with HG have circu- 
lating IgG antibodies to proteins of the BM zone. In 



most cases these antibodies are against BPAG2 and in 
rare cases against BPAGi. These circulating autoanti- 
bodies can be detected by IIF testing in about 21% of 
patients using normal human skin as a substrate 
[915]. The circulating IgG antibodies in HG are of 
IgGi and IgG3 classes and have the ability to fix 
normal human complement to the BM zone of nor- 
mal human skin [916, 917]. These circulating IgG 
antibodies are called HG factor and can be detected 
using the complement fixation assay [906, 916, 917]. 
Complement fixation assay is more sensitive than 
conventional IIF and is performed by incubating 
the test serum with normal human skin, followed 
by normal human complement and then a fluores- 
cein-conjugated antibody specific for the comple- 
ment [918]. By complement fixation assay, circulating 
IgG antibodies are detected in 91% of HG patients 
[915]. The circulating IgG antibodies in HG can also 
be detected by ELISA [910, 919]. Table 29 displays the 
diagnostic criteria of HG. 
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Fig. 1 92. Blister mapping using antibodies against type IV collagen in a fully developed lesion of herpes gestationis.The blister 
in herpes gestationis is located in the lamina lucida region 
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Fig. 1 93. DIF using perilesional normal appearing skin from a patient with herpes gestationis showing linear IgG deposits along 
the BM zone (arrow) 
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Table 29. Diagnostic criteria of HG 
Histology 

■ Subepidermal blister with moderate to dense 
infiltrate of lymphocytes, eosinophils and / or 
neutrophils 

■ Eosinophilic and/or neutrophilic spongiosis 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
DIF examination 

■ Perilesional intact human skin: 

Linear deposits of IgG along the BM zone 

■ Perilesional NaCI split skin: 

IgG deposits on the epidermal sides of the split 

Complement fixation assay 

■ Detection of HG factor 
ELISA test 

■ Circulating IgG antibodies to BPAG1 or BPAG2 
Western blot 

■ Circulating IgG antibodies to 1 80 or 230-kDa 
protein bands 



Lichen planus pemphigoides 

Lichen planus pemphigoides (LPP), which was first 
described by Kaposi in 1892 [11], is an autoimmune 
subepidermal blistering disease characterised by the 
simultaneous occurrence of lichen planus lesions 
and blisters [920-954]. LPP is a rare disease and until 
now only about 62 cases have been reported (25 fe- 
males and 37 males) [920-954]. The age at onset 
ranges between 9 and 85 years with a mean age of 46 
years. There is no race predomiance. 

Clinically, there are typical lesions of lichen planus 
in addition to tense blisters which occur on top of 
lichen planus lesions and on clinically normal skin 
[920-954] (Figs. 194, 195). The extremities, trunk and 
oral mucosa are the predilection sites. The course of 
the disease is usually benign and the blisters may 
abate spontaneously or remit with therapy. The le- 
sions of lichen planus usually persist. 

LPP may be induced by PUVA [921] or drugs such 
as ramipril [932],captopril [946]or cinnarizine [949]. 

Circulating autoantibodies in sera from patients 
with LPP recognised in most cases BPAG2 and in a 



Fig. 194. Blisters, haemorrhagic crusts and 
flat-topped purple papules in a patient 
with lichen planus pemphigoides. The 
blisters are present on normal skin or on 
the flat-topped papules 
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Fig. 195. Haemorrhagic crusts, erosions, 
flat-topped purple papules and plaques 
on the thigh and buttocks of a patient 
with lichen planus pemphigoides 



few cases a 200-kDa protein which remains to be 
characterised [922-924, 926]. Epitope mapping using 
BPAG2 fusion proteins showed that LPP sera and BP 
sera react with different epitopes of BPAG2 [926]. 
These results suggest that LPP is a distinct disease 
and not a coexistence of BP and lichen planus as pre- 
viously suggested. 

LPP should be differentiated from bullous lichen 
planus. In the former, the blisters form on clinically 
normal skin and on lichen planus lesions. Further- 
more, DIF examination of perilesional skin shows 
linear deposits of IgG along the BM zone [920-954]. 

In addition, there are circulating IgG antibodies to 
BPAG2 which can be identified using ELISA [902]. 

In bullous lichen planus, the blisters are confined 
only to the lichen planus lesions and are a result of se- 
vere vacuolar degeneration of the BM zone [899]. In 
addition, in the DIF examination, there are no de- 
posits of IgG along the BM zone. Further, there are no 
circulating antibodies to proteins of the BM zone. 



Histopathological Findings 

The histopathological findings in LPP are dependent 
on the biopsed lesion [899]. Blisters on clinically nor- 
mal skin will display a subepidermal blister with 
perivascular and interstitial infiltrate of lymphocytes 
and eosinophils (Fig. 196). Occasionally the accompa- 
nying infiltrate is scarce as in cases of cell poor BP 
(Fig. 197). Blister forms on lichen planus lesions will 
display a subepidermal blister in addition to typical 
histopathological changes of lichen planus namely 
compact stratum corneum, acanthotic epidermis, 
hypergranulosis and band-like infiltrate of lympho- 
cytes (Fig. 198). 

Using antibodies to type IV collagen we found in 
our patient with LPP that the blisters (either on nor- 
mal skin or on lesions of lichen planus) were located 
in the lamina lucida region (Fig. 199). 

The histopathology alone is not enough to make a 
precise diagnosis of LPP and should be correlated 
with the clinical picture and results of the blister 
maping and the DIF examination. DIF on perilesion- 
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Fig. 1 96. Histopathology of a blistering lesion of lichen planus pemphigoides showing a subepidermal blister and perivascular 
and interstitial lymphocytic infiltrate with many eosinophils and few neutrophils 
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al skin showed linear IgG deposits along the BM zone 
in all patients with LPP [920-954] (Fig. 200 A). On 
NaCl split perilesional skin the deposits are located 
on the epidermal side of the split (Fig. 200 B). IIF with 
sera of LPP using human skin (intact or NaCl split) as 
a substrate showed circulating IgG autoantibodies to 
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proteins of the BM zone in about 64% of the report- 
ed cases [920-954]. As mentioned above, these circu- 
lating IgG autoantibodies recognised in most of the 
cases BPAG2 and in few cases a 200-kDa protein 
which remains to be characterised [922-924, 926]. 

Table 30 displays the diagnostic criteria of LPP. 
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Fig. 197. Histopathology of a blistering lesion of lichen planus pemphigoides displaying a subepidermal blister and sparse 
perivascular and interstitial lymphocytic infiltrate with some eosinophils 
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Fig. 198. Lichen planus pemphigoides. Histopathology of a blister on a lichen planus papule. A subepidermal blister in addition 
to band-like and perivascular lymphocytic infiltrate can be seen. At the side of the blister typical lichen planus changes are pres- 
ent. The epidermis forming the roof of the blister also shows lichen planus changes 
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Fig. 1 99. Blister mapping using antibodies against type IV collagen in a blister from a patient with lichen planus pemphigoides. 
The blister is located in the lamina lucida region 



Table 30. Diagnostic criteria of LPP 
Histology 

■ Subepidermal blister with scarce or moderate to 
dense infiltrate of lymphocytes, eosinophils and /or neu- 
trophils 

■ Subepidermal blister in addition to typical 
histopathological changes of lichen planus 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
DIF examination 

■ Perilesional intact human skin: 

Linear deposits of IgG along the BM zone 

■ Perilesional salt split skin: 

IgG deposits on the epidermal side of the split 

ELISA test 

■ Circulating IgG antibodies to BPAG2 
Western blot 

■ Circulating IgG antibodies to 1 80-kDa protein band 
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Dermis 



Fig.200A. DIF using perilesional normal appearing skin from a patient with lichen planus pemphigoides showing linear IgG 
deposits along the BM zone (arrows) 
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Fig.200B. DIF using perilesional clinically normal appearing NaCI split skin from a patient with lichen planus pemphigoides 
showing linear IgG deposits along the epidermal side of the split (arrow) 
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Cicatricial pemphigoid 

Synonym: Mucous membrane pemphigoid 

Cicatricial pemphigoid (CP) is a heterogeneous au- 
toimmune sub epithelial blistering disease of mucous 
membranes and/or the skin [955-957]. It affects 
mainly elderly persons and occurs in females more 
than in males. In a study of a cohort of 457 patients 
with CP the average age of onset was 62 years and the 
ratio of males to females was 1:2.27 [956]. CP was also 
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reported in children [958-960]. No ethnical or geo- 
graphic predominance was observed [955-956]. 

CP is a rare disease, however, its incidence is not 
exactly known. In the Department of Dermatology at 
the University of Diisseldorf 25 new patients with CP 
have been reported among about 86,400 patients ex- 
amined for dermatological problems between 1994 
and 2000. 

CP has a wide spectrum of clinical presentation 
[955-957]* It affects mucous membranes with squa- 
mous epithelia especially that of the oral cavity 
(85%), conjunctiva (65%), nasopharynx (20%), geni- 
talia (20%), larynx (8%), oesophagus (4%) and anus 



Table 31 . Clinical data of 25 CP patients seen at the Department of Dermatology, University of Dusseldorf between 1 994 and 
2000 



Patient No. 


Age 


Gender 


Latency 


Oral 


Ocular 


Genital 


Cutaneous 


Nasal 


1 


50 


M 


48 


+ 


- 


- 


- 


- 


2 


63 


F 


84 


+ 


+ 


+ 


- 


+ 


3 


63 


M 


72 


+ 


- 


- 


- 


- 


4 


55 


F 


7 


+ 


- 


+ 


- 


- 


5 


66 


F 


12 


+ 


- 


- 


- 


- 


6 


58 


F 


120 


+ 


+ 


+ 


- 


- 


7 


73 


F 


11 


+ 


+ 


- 


- 


- 


8 


68 


M 


2 


+ 


+ 


- 


- 


- 


9 


39 


F 


60 


- 


+ 


- 


- 


- 


10 


74 


M 


6 


- 


- 


- 


+ 


- 


11 


72 


F 


24 


+ 


+ 


- 


- 


- 


12 


87 


M 


2 


+ 


- 


- 


- 


- 


13 


61 


F 


7 


+ 


- 


- 


+ 


- 


14 


54 


M 


2 


+ 


+ 


- 


+ 


- 


15 


64 


M 


72 


+ 


+ 


+ 


- 


- 


16 


62 


F 


6 


+ 


- 


- 


+ 


- 


17 


87 


F 


55 


+ 


+ 


- 


- 


- 


18 


77 


F 


6 


- 


+ 


- 


- 


- 


19 


69 


F 


36 


- 


+ 


- 


- 


- 


20 


46 


M 


24 


- 


+ 


- 


- 


- 


21 


64 


F 


37 


+ 


+ 


- 


- 


- 


22 


82 


M 


15 


- 


+ 


- 


- 


- 


23 


50 


F 


12 


+ 


- 


- 


- 


- 


24 


77 


F 


1 


+ 


- 


- 


- 


- 


25 


61 


M 


48 


- 
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Age: represents the patient's age in years at the time of disease diagnosis 

Latency: represents the time period between the occurrence of the first symptoms of the disease and the disease diagnosis in 
months 
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(3%) [955> 956]. The skin has been reported to be in- 
volved in 25% of all cases. 

In 25 CP patients seen at University of Diisseldorf, 
5 showed pure ocular lesions (20%), 6 showed pure 
oral lesions (24%), 2 pure cutaneous lesions (8%), 3 
showed cutaneous and mucous membrane lesions 
(12%) and 8 multiple mucous membrane lesions 
(32%) (see Table 31). 

The primary lesion of CP is a tense blister which on 
rupture heals slowly and usually with scar formation. 

In the oral cavity they rupture quickly due to mas- 
tication trauma [955] and leave irregular erosions 
and ulcerations (Fig. 201). These tend to persist and 
easily become secondarily infected by oral flora. Oral 
lesions mostly occur on the gingiva, buccal mucosa, 
the alveolar ridge, the tongue and the lower lip [961]. 
Very frequently CP is presented as desquamative gin- 
givitis [962] (Fig. 202). In our CP patients we have 
also observed oral lesions that were clinically indis- 
tinguishable from erosive lichen planus (Fig. 203). 

Conjunctival lesions usually start in one eye but 
often involve the other within a few years [955-957, 
963]. At first patients experience unspecific manifes- 
tations of catarrhal conjunctivitis with a burning 
sensation, irritation, excess tearing and congestion. 
These manifestations usually last for years. With pro- 
gression of the disease, and as a consequence of blis- 
ters rupture, conjuctival erosions and ulcerations de- 
velop and heal with fibrosis. With further progres- 
sion, the conjunctival fibrosis causes its shrinkage, 
fornices shortening and eventually symblepharon. 
The fibrosis may also narrow or block the tear gland 
opening causing dry eye manifestations. Moreover, 
the fibrosis may lead to deformity of the lid and 
trichiasis. With further worsening of the disease, 
corneal ulceration and consequently opacity occurs. 
Progression of the corneal opacity leads ultimately to 
blindness. Ocular changes in CP are classified in 4 
stages [963] which are displayed in Table 32 (see also 
Figs. 204, 205). Approximately 76-90% of patients 
with ocular CP [964] and 68% of patients with oral 
CP [965] were reported to have HLA-DQBi'^0301 al- 
lele suggesting a genetic predisposition. 

Genitourinary lesions may result in urethral 
stenosis, distortion of the genitalia (Fig.206) and sex- 
ual dysfunction [955-957]. 

Involvement of nasopharynx, larynx, oesophagus 
and anus may eventuate in stenosis with stricture for- 
mation leading to serious complications [955-957]. 

Cutaneous lesions may be localised or disseminat- 
ed [955-957,966-968]. They consist of tense blisters, 
erosions and crusts on normal or erythematous skin 



and tend to heal with scar formation (Fig. 207). CP 
with vegetating cutaneous lesions simulating that of 
pemphigus vegetans has also been reported [969]. 

Patients with CP have circulating IgG auto anti- 
bodies against several proteins of the BM zone 
[i49,i96a,i96b,248, 970-973] (see Table 33). For more 
details about these proteins see CHAPTER 2. 

As mentioned above, CP has several clinical pheno- 
types. Recent studies have shown that some of these 
phenotypes correlate with the target autoantigens. A 
subset of CP patients was reported to be characterised 
with circulating IgG autoantibodies to (3^ integrin 
subunit [974, 975, 196a] . These patients have exclusive- 
ly ocular lesions. In addition, a subgroup of CP pa- 
tients were reported with circulating IgG autoanti- 
bodies to the a3 chain of laminin 5 and laminin 6 
[97i-973> 248]. Laminin 5 was previously called epili- 
grin, therefore this variant of CP is designated 
antiepiligrin cicatricial pemphigoid. In these subsets 
of patients, the oral lesions are usually predominant 
and severe. The patients have also cutaneous lesions 



Table 32. Clinical stages of ocular cicatricial pemphigoid [963] 

Stage 1 : Chronic conjunctivitis, tarsal subepithelial 

fibrosis 

Stage 2: Fornix shorting 

Stage 3: Symblepharon formation 

Stage 4: Keratinisation of ocular surfaces, 

ankyloblepharon 



Table 33. Antigenic targets in Cicatricial pemphigoid 



The antigen 

(its SDS-PAGE molecular weight) 


References 


BPAG1 (230 kDa) 


119b 


BPAG2(180 kDa)* 


149 


a3 chain of laminin 5 and laminin 6 
(145 kDa) 


248,971-973 


p4 integrin subunit (205 kDa) 


196a, 974, 975 


a6 integrin subunit (1 30 kDa) 


196b 



* BPAG2 is the major antigen ofCP where circulating IgG anti- 
bodies in 30-78% of CP patients react with it [119b, 149]. 
The binding sites for these autoantibodies are located in the 
carboxy-terminal of the BPAG2 and also in its non-collage- 
nous domain (at or near the previously defined autoanti- 
body-reactive site recognised by bullous pemphigoid and 
herpes gestationis sera) [149] 
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and not uncommonly lesions of the conjunctiva and 
other mucosae. Moreover, increased risk of malig- 
nancy especially pulmonary and gastric carcinomas 
has been reported [248a, 976-983] . In a cohort of 35 of 
such patients, the relative risk for cancer was 6.8 
[248a]. 

In addition, a group of CP patients was recently 
reported with circulating IgG auto antibodies to 
the a 6 integrin subunit [196b]. This subset of pati- 
ents have usually mild lesions affecting only the oral 
cavity. 
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CP is a chronic progressive disease with insidious 
onset [955]. The prognosis depends on the site of the 
lesion, number of affected areas, time of establishing 
the correct diagnosis and efficacy of treatment 

[955-957,984]. 

If the disease is not diagnosed early and treated 
adequately, serious complications may occur if vital 
organs are involved. For example ocular lesions may 
end in blindness [984] and laryngeal involvement 
can cause airway obstruction necessitating tra- 
cheostomy [985]. 




Fig.201. Oral cicatricial pemphigoid. Ero- 
sions and ulcerations on the mucosal sur- 
face of the upper lip and maxillary gingiva 



D Fig. 202. Oral cicatricial pemphigoid man- 
ifested as desquamative gingivitis. A 
swollen brightly erythematous diffuse le- 
sion of fixed and free marginal gingiva can 
be seen 
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Fig. 204. Ocular cicatricial pemphigoid. 
Congestion, excess tearing, tarsal subep- 
ithelial fibrosis and symblepharon can be 
seen 
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Fig.205. Ocular cicatricial pemphigoid in 
advanced stage. In A, conjunctival blisters, 
fibrosis and shrinkage can be seen. In ad- 
dition there are fibrosis of the lids, entro- 
pion, trichiasis and symblepharon can also 
be seen. In B, partial ankyloblepharon and 
pseudomembrane formation are seen 
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Fig. 206. Cicatricial pemphigoid of female genitalia. A 
haemorrahgic erosion and narrowing of the vaginal orifice in 
addition to distortion of labia majora and minora can be ob- 
served 




Fig. 207. Cicatricial pemphigoid affecting the skin of the fore- 
head. Tense blisters, erosions and crusts on erythematous fi- 
brosed atrophic plaque are visible. In this patient CP was lim- 
ited to skin and was confined to the forehead. This variant of 
CP is referred to as Brunsting-Perry CP 



Brunsting-Perry CP 

Brunsting-Perry CP refers to a clinical phenotype of 
CP that was first described by Louis Brunsting and 
Harold Perry in 1957 [986]. It affects only the skin 
and is usually confined to the head and neck area. It 
occurs predominantly in elderly males. Clinically 
there are pruritic well circumscribed erythematous 
plaques with recurrent crops of blisters which heal 
with atrophic scars (Fig. 207). Brunsting-Perry CP 
has been referred to by different names in the litera- 
ture such as benign pemphigoid [985], localised 
chronic pemphigoid [987] and localised cicatricial 
pemphigoid [988]. 

Pseudo-ocular CP 

Pseudo-ocular CP refers to ocular lesions which oc- 
cur as a complication of long-term use of eyedrops 
(usually for glaucoma) [955, 989-992]. Eyedrops con- 
taining antiviral agents (such as idoxuridine) and 
preservative, have also been reported as causative 
agents [961]. Pseudo-ocular CP, which was first de- 
scribed by Kristensen and Norn in 1974 [991], is clin- 
ically, histologically and immunopathologically in- 
distinguishable from ocular CP [957, 990-992]. Pseu- 
do-ocular CP affects most commonly one eye and in 
most of the cases tends to be non-progressive and 
self-limited after stopping the offending eyedrop. 
Pseudo-ocular CP has been called by some authors 
pseudopemphigoid [989,992]. 

Desquamative gingivitis 

Desquamative gingivitis , a term first coined by Prinz 
in 1932 [993] is not a disease but a clinical manifesta- 
tion that can be encountered in a variety of diseases 
[449, 994-999]. These diseases are given in Table 34. 
Desquamative gingivitis appears clinically as swollen 
brightly erythematous focal or diffuse mildly painful 
lesions of the free and attached gingiva [449] (Figs. 
79, 202). Mastication or pressure can produce bleed- 
ing and may result in sloughing or desquamation of 
the detached tissues. Patients frequently report 
bleeding gums after brushing the teeth or from poor- 
ly fitting dentures. The histology and the immuno- 
fiuorescence findings in desquamative gingivitis de- 
pend on the causative disease [449, 994-999]. For 
example in desquamative gingivitis due to lichen 
planus there will be typical histology of lichen planus 
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and negative direct and indirect immunofluores- 
cence, while in desquamative gingivitis due to P V, the 
histology will show suprabasal intraepithelial blisters 
with acantholytic keratinocytes, and in the immuno- 
fluorescence typical PV flndings will be seen (Figs. 
92, 99, 100). 

Table 34. Diseases which may manifest as desquamative 
gingivitis 

1. Lichen planus [962,994,995] 

2. Pemphigus vulgaris [962,994,995] 

3. Cicatricial pemphigoid [962,994,995] 

4. Linear IgA disease [996, 997] 

5. Discoid lupus erythematosus [998] 

N.B. In some cases of desquamative gingivitis no caustive dis- 
ease could be diagnosed. One speaks then of idiopathic 
desquamative gingivitis. Idiopathic desquamative gingivitis 
affects mainly women during menopause and suggested to be 
hormone mediated. No congrete evidence, however, exists [999] 



Histopathological Findings 

On analysing 22 biopsies taken from cutaneous, oral 
and genital lesions of CP patients examined at the 
University of Diisseldorf three histological patterns 
have been observed. 

In the first pattern, there is a subepidermal blister 
and inflammatory infiltrate at its base and sides (Figs. 
208, 209) The infiltrate consists mainly of lympho- 
cytes. Eosinophils and occasionally neutrophils may 
be present. In oral and genital lesions, we observed 
also the presence of plasma cells. 

In the second pattern, there is a subepidermal blis- 
ter and fibrosis (Figs. 210, 211). The degree of the fi- 
brosis ranged between slight to moderate. There is 
also infiltrate of lymphocytes, eosinophils and some- 
times also neutrophils. The density of the infiltrate is, 
however, less than that of the first pattern. As in the 
first pattern, plasma cells are present in the oral and 
genital lesions. Probably, the second pattern repre- 
sents an advanced stage of the first pattern. 



Epidermis 



Subepidermal 
blister which 
contains fibrin 
and inflammatory 
cells 



Dermal papillae 



Perivascular 
and interstitial 
lymphocytic 
infiltrate with 
neutrophils and 
few eosinophils 







Fig.208. Histopathology of a fully developed lesion of cicatricial pemphigoid of the skin showing a subepidermal blister and 
lymphocytic infiltrate with neutrophils and eosinophils (first histopathological pattern of cicatricial pemphigoid) 



Fig.209. Histopathology of a fully developed cicatricial pemphigoid lesion of the skin displaying a subepidermal blister and 
dense lymphocytic infiltrate with few neutrophils and few eosinophils (first histopathological pattern of cicatricial pemphigoid) ► 
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Fig. 21 0. Histopathology of a fully devel- 
oped cicatricial pemphigoid lesion of 
the skin. A subepidermal blister, fibrosis 
and lymphocytic infiltrate with neu- 
trophils can be seen (early stage of the 
second histopathological pattern of ci- 
catricial pemphigoid) 
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Fig. 21 1 . Histopathology of a fully developed cicatricial pemphigoid lesion of the oral mucosa with subepidermal blister, fibro- 
sis and lymphocytic infiltrate with few neutrophils and eosinophils (second histopathological pattern of cicatricial pemphigoid) 
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In the third pattern, there are subepidermal blisters, 
fibrosis and band-like infiltrate of lymphocytes and 
eosinophils (Fig. 212) Occasionally neutrophils and 
plasma cells are present. The changes of the epithelium 
are similar to that seen in lichen planus, namely, acan- 
thosis, hypergranulosis and vacuolar degeneration of 
the basement membrane zone. This histological pat- 
tern is observed only in oral and genital lesions and 
clinically these lesions are similar to that of lichen mu- 
cosae (Fig. 212). In our histological reports we refer to 
this pattern as a lichenoid variant of CP. Histological 
slides of conjuctival biopsies taken from 8 CP patients 
with ocular lesions were also examined. These patients 
had been consultingly seen in University of Diisseldorf 
between 1994 and 2000. During the early stage of the 
disease, vacuolar degeneration of the BM zone and 
neutrophils aligned along it can be observed (Fig. 213). 
The epithelium is slightly acanthotic. With time, sub- 
epithelial clefts and later on blisters form (Fig. 214). In 
addition, the infiltrate becomes denser and consists 
mainly of lymphocytes. Eosinophils and plasma cells 
may also be present. In more advanced cases fibrosis 
may also exist. In some cases sub epithelial blisters 
with very scarce infiltrate in the submucosa were ob- 
served. 

In very advanced cases, there is only fibrosis and 
hypertrophic eroded epithelium (Fig. 215). 

Using antibodies to type IV collagen,we have stud- 
ied the site of the blister formation in our CP patients 
and found it to be within the lamina lucida region 
(Fig. 216). 

The histopathological features of CP are not diag- 
nostic and can be seen in other diseases (Table 35). CP 
can therefore not be diagnosed by means of the his- 
tology alone. For confirmation of the diagnosis the 
histology should be correlated with the clinical pic- 
ture, the results of immunofiuorescence examination, 
blister mapping in addition to Western blot, im- 
munoprecipitation or ELISA examinations. 

DIF examination using perilesional clinical nor- 
mal appearing skin or mucosa shows in 80-100% of 
the cases of CP, linear IgG and/or C3 deposits along 



the basement membrane zone [957] (Fig. 217). In pa- 
tients with pure ocular CP, DIF studies were positive 
in 52% of cases using the patient’s conjunctiva as a 
substrate [1000]. Occasionally, linear deposits of IgA 
at the BM zone alone or together with IgG have been 
observed in patients with oral and ocular CP [1001]. 
CP patients with concomitant deposits of IgA and 
IgG have been reported to have a bad prognosis 
[1002, 1003]. CP patients with linear deposits of IgA 
alone, have in our view linear IgA disease and not CP. 

IIF examination with CP patients’ sera demon- 
strate circulating IgG antibodies to the BM zone. 
These antibodies are usually present in a very low 
titer. The sensitivity of IIF on using conventional sub- 
strates (monkey oesophagus, normal human skin) 
was reported to be 10-36% [1004]. On using 1 M NaCl 
split normal human skin the sensitivity of IIF in CP is 
improved and reported to be dependent on the af- 
fected site [957]. 

In patients with combined skin and mucosal dis- 
ease the IIF was positive in 81% of the cases. In pa- 
tients with mucosal disease alone, the IIF was positive 
in 18%. In patients with ocular disease alone, IIF was 
positive in 7-50% of all cases [1005, 1006]. 

IIF using NaCl split normal human skin and DIF 
using NaCl split perilesional skin or mucosa have 
shown that the deposition of the IgG in CP may be 
limited to the epidermal or dermal side of the split 
[1004] (Figs. 218, 219). In addition, cases with IgG dep- 
osition on both sides have been reported [1004] (Fig. 
220). 

Western blot or immunoprecipitation examina- 
tions using extracts of normal human skin, normal 
human or bovine oral mucosa or cultured human 
keratinocytes in addition to the ELISA test using re- 
combinant fusion proteins of the BM zone allow def- 
inition of the target autoantigen. 

Correlation of the clinical, histologic and im- 
munofiuorescence findings and identifying the target 
auto antigen is required for making a firm diagnosis 
of CP. 

Table 36 displays the diagnostic criteria of CP. 
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Fig. 21 2. Histopathology of a fully developed lichenoid cicatricial pemphigoid lesion (third histopathological pattern of cicatri- 
cial pemphigoid) displaying subepidermal blister, fibrosis and band-like infiltrate of lymphocytes and eosinophils.The infiltrate 
is also interstitial and perivascular.The epidermis is acanthotic and hypergranulosis can be seen 
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Fig.213. Histopathology of an early ocular cicatricial pemphigoid lesion. The conjunctival epithelium is hypertrophic and archi- 
tecturally disturbed. Neutrophils can be seen in the submucosa and along the basement membrane.The blood vessels are di- 
lated 
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Fig.214. Histopathology of a fully developed ocular cicatricial pemphigoid lesion. The conjunctival epithelium is hypertrophic, 
eroded and architecturally disturbed. A subepidermal blister and dense lymphocytic infiltrate with many plasma cells are visi- 
ble 
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Fig. 21 5. Histopathology of a late lesion of ocular cicatricial pemphigoid. The conjunctival epithelium is hypertrophic and 
eroded. Marked fibrosis and sparse lymphocytic infiltrate with few neutrophils are seen. The neutrophils are present along the 
BM zone which displays vacuolar degeneration 
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Fig.216. Blister mapping using antibodies 
against type IV collagen in fully developed ci- 
catricial pemphigoid lesions.The lamina den- 
sa (arrows) is situated at the blister floor indi- 
cating that the blister is located in the lamina 
lucida region. A ocular lesion, B cutaneous le- 
sion and C oral lesion 



Intralamina 
lucida blister 



Blood vessels 







B 




Submucosa 







Subepidermal Blistering Diseases 



Chapter 4 



197 



Epidermis 



t 



Dermis 



Fig.217. DIF using perilesional normal appearing skin from a 
patient with cicatricial pemphigoid. Linear IgG deposits can 
be seen along the BM zone (arrows) 
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Fig.220. DIF using salt split perilesional normal appearing oral 
mucosa from a patient with cicatricial pemphigoid. Linear IgG 
deposits can be seen along the BM zone (arrowhead) and on 
both sides of the split (closed arrows) 

Table 35. Histopathological differential diagnosis of CP 

Bullous pemphigoid 
Linear IgA disease 
Epidermolysis bullosa acquisita 
Dystrophic epidermolysis bullosa 
Bullous drug eruption 



Table 36. Diagnostic criteria of cicatricial pemphigoid 



Fig.218. DIF using salt split perilesional normal appearing 
skin from a patient with cicatricial pemphigoid. Linear IgG de- 
posits can be seen along the epidermal side of the split (ar- 
row) 
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Fig.219. DIF using salt split perilesional normal appearing 
skin from a patient with cicatricial pemphigoid. Linear IgG de- 
posits can be seen along the dermal side of the split (arrow) 



Histology 

■ Subepidermal blister with moderate to dense 
infiltrate of lymphocytes, eosinophils and / 
or neutrophils with or without fibrosis 

■ Subepidermal blister, fibrosis and band-like infiltrate 
of lymphocytes and eosinophils (occasionally also 
neutrophils and plasma cells) in addition to lichen 
planus-like changes of the epithelium 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
DIF examination 

■ Perilesional intact human skin: 

Linear deposits of IgG along the BM zone 

■ Perilesional NaCI split skin: 

IgG deposits, along the epidermal, dermal or both 
sides of the split 
ELISA test 

■ Circulating IgG antibodies to BPAG1 or BPAG2 

(at present an ELISA test for other autoantigens of 
cicatricial pemphigoid is not available) 

Western blot 

■ Circulating IgG antibodies to 1 80, 230, 1 45, 205 or 
130-kDa protein bands (see Table 33) 
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Dermatitis herpetiformis 

Dermatitis herpetiformis (DH) which was first de- 
scribed by Louis Duhring in 1884 [10], is a pruritic au- 
toimmune subepidermal blistering disease charac- 
terised by IgA deposits in the dermal papillae [1007, 
1008]. 

It occurs in males more than in females [1009] and 
usually begins in the second to fourth decade [1008]. 
It can, however, commence at any age including in- 
fancy [1010], childhood [1011] and elderly [1012]. DH 
affects mainly Caucasians and is rarely seen in Ne- 
groes or Asians [1009, 1013]. The incidence of the dis- 
ease varies depending on the population studied. In 
Finland, where the disease is relatively common, the 
incidence is 11.4/100,000 [1014]. 

A positive family history was reported in 10.5% of 
the patients [1015]. 

Clinically, there are erythematous papules, ur- 
ticarial plaques, papulovesicles, vesicles and rarely 
bullae, either isolated or in herpetiform grouping 
[1008, 1013] (Fig. 221). The lesions are intensely pru- 
ritic and often heal with scar formation. At times only 
excoriations are seen. At this stage, the disease maybe 
clinically confused with scabies, eczema or insect 
bites. Pruritus, which is a hallmark of DH, is very se- 
vere and often does not correlate with the extent of 
the clinical disease. Patients frequently describe it as 
a burning or stinging feeling. Diets rich in gluten 
(wheat, triticale, barley, rye and oats) and iodides 
(seafood) lead to exacerbation of the lesions. Lesions 
of DH are symmetrically distributed and appear 
mainly on the extensor surface of the extremities (es- 
pecially elbows and knees), scalp, nape, shoulders 
(especially the scapular region), sacral region and 
buttocks (Fig. 222). 

Oral mucosa lesions were recently reported to oc- 
cur more frequently than initially suggested [1016]. 

DH is a chronic disease which tends to persist life 
long [1017]. However, in a study with a greater than 
25-year follow-up period, spontaneous remission was 
observed in 10-15% of the patients [1017]. 

All patients with DH have gluten-sensitive en- 
teropathy indistinguishable from celiac disease 
(OMIM 212750), however, only 10% have clinical 
manifestations [1018]. DH and CD have a common 
immunogenetic background where both disorders 
are associated with HLA alleles DQAi"^050i and 
Bi"^ 0201 which encode for the HLA-DQ2 heterodimer 
[1019]. Both diseases have also IgA antibodies to 
gliadin [1020, 1021] (a component of gluten), en- 



domysium [1022] (connective tissue surrounding the 
smooth muscles). The anti-endomysial antibodies 
were found to be directed against tissue transglutam- 
inase, which was recently identified as the autoanti- 
gen of CD [1023]. IgA antibodies to tissue transgluta- 
minase (detected via ELISA) serve nowadays as a 
serologic diagnostic marker for DH and CD [1024, 
1025]. 

There is an increasing consensus that DH repre- 
sents CD of the skin [1018]. It remains, however, to be 
clarified why only a small proportion of patients with 
CD (20-30%) has DH [18] and what is the antigen for 
the IgA deposits in the dermal papillae [1018]. 

Patients with DH have a high incidence of autoim- 
mune and other disorders [1026] (Table 37) and 
should be screened for these diseases. Patients with 
DH and CD are at a high risk to develop gastrointesti- 
nal lymphoma [1027, 1028]. A gluten-free diet is pro- 
tective against this complication [1028]. Under a 
gluten-free diet the skin lesions, the enteropathy and 
the IgA antibodies to gliadin, endomysium and tissue 
transglutaminase also disappear [1020,1021,1024, 
1029, 1030]. Relapse occurs on diet gluten challenge. 

DH evolving to BP and vice versa have been re- 
ported [1031, 867]. This interconversion maybe due to 
epitope spreading. 

Dermatitis herpetiformis type Cottini 

Dermatitis herpetiformis type Cottini refers to a 
form of DH which is confined to the knees and el- 
bows. It was first described by Cottini in 1955 [1032]. 



Table 37. Diseases frequently associated with dermatitis her- 
petiformis [1026] 

■ Insulin-dependent diabetes mellitus 

■ Autoimmune thyroid diseases 

■ Pernicious anaemia 

■ Rheumatoid arthritis 

■ Sjogren's syndrome 

■ Lupus erythematosus 

■ Scleroderma 

■ Asthma 

■ Sarcoidosis 

■ Psoriasis 

■ Vitiligo 
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Fig. 222. DH.The lesions are symmetrical and located on the extensor surfaces of the upper extremities, scapular areas and 
lower back 
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Histopathological Findings 

Early lesions of DH are characterised by superficial 
perivascular and interstitial infiltrate of lymphocytes 
and neutrophils as well as oedematous papillary 
dermis [771, 899, 1033-1035]. The neutrophils are 
also present in the epidermis and along the BM zone 
which usually shows vacuolar degeneration (Fig. 

223) . Nuclear dust may also be seen. With progress of 
the lesions neutrophils collect in some of the dermal 
papillae and fibrin often appears at their tips (Fig. 

224) . With the collection of more neutrophils, ab- 
scesses form in the dermal papillae, usually with 
subepidermal clefts above them (Figs. 225, 226). 
Eosinophils may be present in the dermal infiltrate 
and also in the papillary abscesses. With further eval- 
uation of the lesions, the subepidermal clefts eventu- 
ate in a subepidermal blister [771, 899, 1033-1035] 
which is the histopathological finding of the fully de- 
veloped lesion of DH. The blister usually contains 
plasma, fibrin, neutrophils and eosinophils (Fig. 227). 
The epidermis above the blister is Fattened and may 
be necrotic. In the dermis there is perivascular and 
interstitial infiltrate of lymphocytes, neutrophils and 
eosinophils. The latter are usually numerous. The in- 
filtrate may be dense and deep. At the sides of the 
formed subepidermal blister, changes similar to that 
of early lesions namely neutrophils aligned along the 
BM zone, vacuolar degeneration of the BM zone, neu- 
trophilic abscesses in the dermal papillae and subepi- 
dermal clefts are usually present (Fig. 227). Excoriat- 



ed lesions of DH showed histopathologically an ulcer 
which maybe covered with scale crust. In the dermis, 
especially at the base of the ulcer there is a lympho- 
cytic infiltrate with neutrophils and eosinophils (Fig. 
228). At the sides of the ulcer, neutrophils along the 
BM zone, vacuolar degeneration of the BM zone or 
neutrophilic abscesses in the dermal papillae may be 
seen (Fig. 228). 

The histopathology alone is not enough to make a 
precise diagnosis of DH. Similar histopathological 
changes maybe seen in other bullous diseases such as 
linear IgA disease, epidermolysis bullosa acquisita or 
bullous systemic lupus erythematosus [899]. The di- 
agnosis should be confirmed by DIF examination 
which shows granular IgA deposits in the dermal 
papillae [1007, 1008] (Fig. 229). In some patients lin- 
ear IgA deposits along the BM zone are concomitant- 
ly observed [1036] (Fig. 230). Perilesional normal ap- 
pearing skin is the preferred biopsy site for DIF 
[1037]. Very rarely the DIF may be negative [1038]. In 
this condition the suggested clinical and histological 
diagnosis can be confirmed by positive serum tests 
for endomysium and/or tissue transglutaminase an- 
tibodies. In DH, IIF examination showed no evidence 
for circulating autoantibodies against proteins of 
keratinocytes or the BM zone [1008]. 

Using antibodies to type IV collagen, we have 
studied the site of blister formation in our DH pa- 
tients and found it to be within the lamina lucida 
region (Fig. 231). 

Table 38 displays the diagnostic criteria of DH. 
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Fig. 223. Early lesion of DH showing perivascular and interstitial infiltrate of lymphocytes with numerous neutrophils and some 
eosinophils. Collections of neutrophils can be seen in some of the dermal papillae and along the BM zone which shows vacuo- 
lar degeneration 
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Fig. 224. Early lesion of DH. Perivascular and interstitial infiltrate of lymphocytes with numerous neutrophils and few 
eosinophils. Neutrophils can be seen in some of the dermal papillae with vacuolar degeneration of the BM zone. Fibrin deposi- 
tion is also seen 
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Fig.225. An still early lesion of DH showing perivascular and interstitial infiltrate of lymphocytes with neutrophils and 
eosinophils in addition to formation of papillary neutrophilic abscesses and subepidermal clefts. Fibrin deposition is also seen 
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Fig. 226. A still early lesion of DH with perivascular and interstitial infiltrate of lymphocytes with neutrophils and eosinophils. 
There are also papillary neutrophilic abscesses, subepidermal clefts and initial subepidermal blister 
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Fig. 227. A fully developed lesion of DH. A subepidermal blister which contains neutrophils, eosinophils and fibrin can be seen. 
At the sides of the blister, papillary neutrophilic abscesses and subepidermal clefts can be seen. In the dermis perivascular and 
interstitial infiltrate of lymphocytes with neutrophils and eosinophils is present 
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Fig.228. Excoriated lesion of DH showing an ulcer with fibrin deposits and necrotic neutrophils. At the right side of the ulcer 
there are papillary neutrophilic abscesses and subepidermal clefts. In the dermis perivascular and interstitial infiltrate of lym- 
phocytes with neutrophils and eosinophils can be seen 
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Fig. 229. DIF using perilesional normal ap- 
pearing skin from a patient with DH. Gran- 
ular IgA deposits are seen in the dermal 
papillae (arrow) 



Epidermis 
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Fig. 230. DIF using perilesional normal ap- 
pearing skin from a patient with DH. In 
some patients, as in this case there are 
concomitant linear IgA deposits along the 
BM zone (open arrows) and granular IgA 
deposits in the dermal papillae (closed ar- 
row) 





Epidermis 

'A 


A 


1 

Dermis 









206 



Chapter 4 



Subepidermal Blistering Diseases 



Subepidermal 
blister in lamina 
lucida region 



Blood vessels 



Dermis 




Fig. 231 . Blister mapping using antibodies against type IV collagen in a fully developed lesion of DH.The lamina densa (arrow) 
is situated at the blister floor indicating that the blister is located in the lamina lucida region 



Table 38. Diagnostic criteria of DH 
Histology 

■ Depends on the stage of the lesions (see 
Figures 223-228) 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 

DIF examination (using perilesional normal appearing 
skin) 

■ Granular IgA deposits in the dermal papillae 
or 

■ linear IgA deposits along the BM zone and granular 
IgA deposits in the dermal papillae 



Linear IgA disease 

Linear IgA disease (LAD) is an acquired subepithelial 
blistering disorder of the skin and/or mucous mem- 
branes characterised by presence of linear IgA de- 
posits along the BM zone [1039, 1040]. In 1979 
Chorzeliki et al. separated the LAD from DH and de- 
scribed it as a separate entity [1041]. LAD may affect 
adults [1042], children [1043] or even neonates [1044]. 
In adults two age onsets were reported, between 20 
and 40 years and above 60 years [1042]. In children the 
disease usually occurs before the age of five and most- 
ly disappears spontaneously within 2-3 years [1043]. 
In rare cases it may persist into adulthood [1045]. 

LAD is a rare disease and the estimated incidence 
in Western Europe is between 0.22 and 0.5 per million 
[1046, 1047]. A slight female predominance was ob- 
served [1042,1043]. 

In the Department of Dermatology at University 
of Diisseldorf 40 new cases of LAD were examined 
between 1990 and 2000 among about 145,000 pa- 
tients seen in this period due to dermatological prob- 
lems. 
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The clinical picture of LAD is heterogenous 
[1039-1045]. The disease may clinically simulate BP, 
DH, erythema multiforme, erythema annulare cen- 
trifugum or toxic epidermal necrolysis [1039, 1040, 
1048-1052]. However, in its classical form there are 
annular arranged tense large blisters (1-2 cm in di- 
ameter) on normal or erythematous skin [1039-1043] 
(Figs. 232, 233). The individual blisters may appear el- 
liptical in shape (sausage-like) (Fig. 232). Characteris- 
tically, the new blisters appear around those resolving 
forming rosette or jewel-like clustering configura- 
tions (Fig. 234). Occasionally the blisters will lie with- 
in an erythematous area in a linear distribution 
(string of pearls). Itching is often an accompanying 
complaint and may be mild or severe leading to nu- 
merous excoriations. Urticarial patches and plaques 
may be present, especially in the early stage of the 
disease. The predilection sites of LAD lesions are the 
trunk, the limbs, the face, the groin and the per- 
ineum. Involvement of the oral cavity and conjuncti- 
va is frequent in LAD and may occur in more than 
50% of the cases [1042,1043, 1053, 1054]. In addition, 
the nasopharynx, larynx oesophagus and genital mu- 
cosae may be affected [1042]. In some cases the mu- 
cous membrane involvements are the only presenting 
manifestations [1055,1056] (see under mucosal linear 
IgA disease, pages 210-211). 

In some patients the clinical picture of LAD is 
atypical. We have seen a patient with LAD where the 
lesions recur at the same sites and healed with fibro- 
sis ( Fig. 235A). We have also observed an LAD patient 



with lesions that resembled PF clinically (Fig. 235B). 
This patient had in addition to the skin lesion oral 
and ocular involvements. 

LAD may be induced by drugs such as van- 
comycin, vigabatrin, sulphamethoxazole-trimetho- 
prim and penicillin [1057-1059]. 

LAD is a chronic disease and its prognosis de- 
pends on whether the mucous membranes are affect- 
ed. LAD with pure cutaneous lesions usually lacks 
complications and in 30-60% of cases spontaneous 
remission was reported [1041, 1042]. Mucosal lesions 
are usually persistent, heal with scar formation and 
may cause severe complications if they affect vital 
organs such as the larynx [1060] or the eye [1056, 
1061]. 

Sporadic cases of LAD in association with lym- 
phoma [1062], multiple myeloma [1063] and other 
malignancies such as renal carcinoma [1064] and 
bladder carcinoma [1065] were reported. This maybe 
a chance association. 

In addition, sporadic cases of LAD in association 
with ulcerative colitis [1066], lymphocytic colitis 
[1066a], sensorineural hearing loss [1067] and mem- 
branous glomerulonephritis [1068] have been ob- 
served. 

LAD was reported to be improved during preg- 
nancy [1069] and to be exacerbated by immunisation 
[1070]. 

Patients with LAD have circulating IgA auto anti- 
bodies against several proteins of the BM zone 
[1071-1076]. These are listed in Table 39. 



Table 39. Autoantigens of LAD 



Antigen 


SDS-PAGE molecular weight 


Reference 


BPAG1 


230 kDa 


1071 


BPAG2 


180 kDa 


1071 


LAD1 (LABD 97) 

(cleaved ectodomain of BPAG2) 


120/97 kDa 


1072 


Ladinin 


95 kDa 


1073 


LAD255 (still not characterised) 


255 kDa 


1074 


LAD285 (still not characterised) 


285 kDa 


1075 


Type VII collagen 


290 kDa 


1076 
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Fig.232. Linear IgA disease. Small and large tense clear blisters in an annular configuration on the flexor surface of the arm. The 
blisters occur on normal skin and many of them are elliptical and appear sausage-like 




Fig.233. Blisters on normal skin and along the borders of erythematous or crusted plaques affecting thetrunkof a patient with 
linear IgA disease 
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Fig. 234. A child with linear IgA disease.Tense blisters are seen 
on normal skin and around crusted resolving erythematous 
lesions presenting a rosette-like form (arrows) 



Fig.235. Linear IgA disease with atypical clinical presentation. 
A) A 65-year-old woman where the lesions recur at the same 
sites and heal with fibrosis. B) A 68-year old woman with crust- 
ed and eroded erythematous plaques on the trunk resem- 
bling the clinical picture of PF.This patient has also oral and 
ocular lesions which are not shown here 
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Mucosal linear IgA disease 

With this designation we refer here to LAD that af- 
fects exclusively the mucous membranes. Mucosal 
LAD can be divided into the following: 

1 . Ocular linear IgA disease 

2 . Oral linear IgA disease 

3 . Linear IgA disease affecting multiple mucosal sites 



Ocular linear IgA disease 

In this variant of LAD the disease is limited to the 
conjunctiva [1056, 1077]. As in ocular CP, patients ex- 
perience manifestations of catarrhal conjunctivitis 
which may last for years. With disease progression, 
conjunctival ulcerations develop which heal with fi- 
brosis. This results in conjunctival shrinkage, for- 
nices shortening and symblepharon formation. Lid 
deformities may also occur. Of the 40 patients with 
LAD seen in Department of Dermatology, University 
of Diisseldorf, five showed pure ocular lesions (Figs. 
236 A, B). In one of these patients the disease led to 
blindness (Fig. 236B). 




Fig. 236. A Symblepharon formation in a 
still early stage of ocular linear IgA disease. 
The disease in this patient was restricted 
to the eyes and no other organs were in- 
volved. B Corneal opacity and conjunctival 
fibrosis in a late stage of ocular linear IgA 
disease. In this patient the disease was 
also restricted to the eyes 
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Oral linear IgA disease 

In some patients with LAD the disease maybe limited 
to mucosa of the oral cavity [1055, 997]. The clinical 
manifestations in addition to the disease course of 
oral LAD are similar to CP of the oral mucosa. Patients 
with oral LAD should undergo ENT examination to 
exclude extention of the lesions to the pharynx or the 
larynx. Among the 40 LAD patients seen in Diissel- 
dorf, only one had oral LAD. 



With this designation we refer here to patients with 
mucosal LAD in whom two or more mucous mem- 
branes are simultaneously affected, for example the 
conjunctiva and the oral cavity or the oral cavity and 
the nasopharynx or larynx. Among the 40 LAD pa- 
tients examined in Diisseldorf three showed multiple 
mucosal lesions. In one patient the oral cavity and the 
epiglotis were involved and in the other two patients 
the conjunctiva and the oral cavity were affected. Fig- 
ure 273 shows one of these patients. 

Mucosal lesions of LAD are persistent and heal 
with scarring. Serious complications can occur if vi- 
tal organs such as the eye or the larynx are affected. 



Fig. 237. Linear IgA disease affecting the 
eyes and the mouth in a 72-year-old 
woman. No skin or other mucous mem- 
brane lesions were present. Details of the 
mouth lesions (sloughing ulcers) are pre- 
sented in the lower photograph 
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Linear IgA/IgG bullous dermatosis 

Linear IgA/IgG bullous dermatosis refers to an ac- 
quired subepidermal autoimmune bullous disease of 
the skin and usually also the oral mucosa which is 
characterised by simultaneous presence of linear IgA 
and IgG deposits along the BM zone [1078-1082]. Few 
cases of linear IgA/IgG bullous dermatosis have been 
reported [1078-1082]. Clinically, the lesions resemble 
that of BP with frequent involvement of the oral mu- 
cosa. The autoantigen of linear IgA/IgG bullous der- 
matosis was reported to be BPAG2. Histopathologi- 
cally, the changes are similar to that of cell rich BP. 
Figure 238 shows a patient with linear IgA/IgG bul- 
lous dermatosis. 




Fig. 238. A 67-year-old female patient with linear IgA/IgG bul- 
lous dermatosis. In A clear and haemorrhagic blisters as well 
as crusted and eroded erythematous plaques can be seen. In 
B erosions of buccal mucosa are shown 
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Histopathological Findings 

Similar to the clinical picture, the histology of LAD is 
also heterogenous [899]. On analysing the histo- 
pathological slides of 40 patients with LAD, fully de- 
veloped lesions showed subepidermal blisters with 
accompanying infiltrate of lymphocytes, eosinophils 
and neutrophils. The infiltrate is superficial and pres- 
ents at the blister base and sides. The infiltrate is also 
perivascular and interstitial. In most cases, the neu- 
trophils predominate the eosinophils in the infiltrate 
(Fig. 239). They are usually present along the BM zone 
which shows vacuolar degeneration. They are also 
present within the epidermis. The neutrophils are 
also present in some of the dermal papillae especial- 
ly near the blister (Fig. 239). They may form papillary 
neutrophilic abscesses as in DH. Occasionally there 
are only papillary neutrophilic abscesses and subepi- 
dermal clefts above them (Fig. 240). The abscesses 
may contain eosinophils. In some cases of fully devel- 
oped lesions of LAD the eosinophils dominate the in- 
filtrate which accompanies the subepidermal blister 
(Fig. 241). 

Although the infiltrate in the fully developed le- 
sions of LAD is usually superficial, it may sometimes 
be deep and even extend to the subcutaneous tissue 
(Fig. 242). 

In one patient with LAD where the lesions recur at 
the same sites and healed with fibrosis, the histo- 
pathology showed a subepidermal blister with infil- 
trate of lymphocytes, numerous neutrophils and a 
few eosinophils. There was also fibrosis (Fig. 243). 
The histopathology of fully developed oral lesions of 
LAD is similar to that of cutaneous lesions but in the 
former the presence of many plasma cells can also be 



observed (Fig. 244). Ocular lesions of LAD are not to 
distinguish from that of CP. In the early stage, there is 
vacuolar degeneration of the BM zone with neu- 
trophils aligned along it. With progress of the disease 
subepithelial blisters form and later on fibrosis devel- 
ops (Fig. 245). Early urticarial lesions of LAD showed 
perivascular and interstitial lymphocytic infiltrate 
with neutrophils and eosinophils. Usually, the neu- 
trophils are numerous (Fig. 246), but occasionally the 
eosinophils dominate (Fig. 247). The neutrophils or 
the eosinophils are aligned along the BM zone which 
usually shows vacuolar degeneration (Figs. 246, 247). 
Eosinophilic or neutrophilic spongiosis or a combi- 
nation of both may also be present. Using antibodies 
to type IV collagen we have studied the site of blister 
formation in our LAD patients and found it to be 
within the lamina lucida region (Fig. 248). 

The histopathology of LAD is not diagnostic and 
similar findings can be seen in other conditions 
(Table 40). DIF examination of perilesional skin or 
mucosa is necessary to confirm the diagnosis and it 
reveals linear IgA deposits along the BM zone(Fig. 
249). 

IIF examination with patients sera demonstrates 
circulating IgA antibodies to proteins of the BM zone. 
The sensitivity of the IIF is 62% when normal human 
intact skin is used as the substrate and 73% on using 
NaCl split normal human skin [1083]. On using NaCl 
split skin the antibodies bind to the epidermal side of 
the split in most cases [1083]. In a few cases they bind 
to the dermal side [1084] or both the epidermal and 
dermal sides of the split [1083]. 

Table 41 displays the diagnostic criteria of LAD. 







214 



Chapter 4 



Subepidermal Blistering Diseases 



Subepidermal 
blister 
containing 
fibrin, 
lymphocytes, 
neutrophils and 
eosinophils 



Infiltrate at the 
sides and base of 
the blister and in 
the upper and 
mid-dermis 




Subepidermal 
blister containing 
neutrophils, 
eosinophils and 
fibrin 



Vacuolar 
degeneration of 
BM zone 



Neutrophils in 
the dermal 
papillae and 
along the BMzone 



Fibrin 




Neutrophils, 
eosinophils and 
fibrin in the blister 



Lymphocytic 
infiltrate with many 
neutrophils and 
some eosinophils 
at the blister base 
and in the upper 
and mid-dermis 













Subepidermal Blistering Diseases 



Chapter 4 



Subepidermal 

cleft 



Papillary 

neutrophilic 

abscess 



Perivascular and 
interstitial 
lymphocytic 
infiltrate with 
neutrophils and a 
few eosinophils 




Papillary 
neutrophilic 
abscess with a 
few eosinophils 



Subepidermal 

cleft 



Perivascular and 
interstitial 
lymphocytic 
infiltrate with 
neutrophils and 
eosinophils 




Fig. 240. Histopathology of linear IgA disease. In some patients with linear IgA disease papillary neutrophilic abscesses and 
subepidermal clefts as In DH may be present 



^ Fig. 239. Histopathology of a fully developed lesion of linear IgA disease displaying a subepidermal blister and lymphocytic in- 
filtrate with numerous neutrophils and a few eosinophils. The blister contains neutrophils, eosinophils and fibrin. In the dermal 
papillae and along the BM zone neutrophils can be seen 
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Fig. 241 . Histopathology of a fully developed lesion of linear IgA disease showing a subepidermal blister which contains neu- 
trophils, eosinophils and fibrin. At the sides and base of the blister as well as in upper, mid- and lower dermis, lymphocytic infil- 
trate with numerous eosinophils and some neutrophils can be seen 
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Fig. 242. Histopathology of a fully developed lesion of linear IgA disease showing a subepidermal blister and deep infiltrate ex- 
tending to subcutaneous fat tissue 
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Fig.243. Histopathology of a fully developed lesion of linear IgA disease which recurs at the same sites. Subepidermal blister, fi- 
brosis and infiltrate of lymphocytes, neutrophils and few eosinophils can be seen 
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Fig. 244. Histopathology of a fully developed lesion of linear IgA disease of the oral mucosa. A subepidermal blister and infil- 
trate of lymphocytes, neutrophils, many plasma cells and few eosinophils are present 
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Fig. 245. Histopathology of a late lesion of ocular linear IgA disease taken from the conjunctiva of the patient displayed in Fig- 
ure 236b. Fibrosis and infiltrate of lymphocytes, neutrophils and plasma cells can be seen.The neutrophils are present also with- 
in the epithelium and along the BM zone which shows vacuolar degeneration 
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Fig.246. Urticarial lesion of linear IgA disease. Perivascular and interstitial infiltrate of lymphocytes with numerous neutrophils 
and some eosinophils. Neutrophils along the BM zone which shows vacuolar degeneration 
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Fig. 247. Urticarial lesion of linear IgA disease. Perivascular and interstitial infiltrate of lymphocytes with numerous eosinophils. 
Eosinophils along the BM zone which shows vacuolar degeneration 



Fig. 248. Blister mapping using antibodies against type IV col- 
lagen in a fully developed lesion of linear IgA disease.The lam- 
ina densa is situated at the blister floor indicating that the blis- 
ter is located in the lamina lucida region. Arrow refers to 
lamina densa. BV blood vessels 
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Fig.249. DIF using perilesional normal appearing oral mucosa from a patient with linear IgA disease. Linear IgA deposits are 
seen along the BM zone (arrows) 



Table 40. Diseases with histopathologic findings similar to 
that of linear IgA disease 

1. Cell rich BP 

2. Inflammatory epidermolysis bullosa acquisita 

3. Herpes gestationis 

4. Cicatricial pemphigoid 

5. Dermatitis herpetiformis 

6. Bullous systemic lupus erythematosus 

7. Bullous drug eruption 



Table 41 . Diagnostic criteria of linear IgA disease 



Histology 

■ Subepidermal blister with infiltrate of lymphocytes, 
eosinophils and/or neutrophils 

■ Eosinophilic and/or neutrophilic spongiosis 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
DIF examination 

■ Perilesional intact human skin or mucosa: 

Linear deposits of IgA along the BM zone 

■ Perilesional NaCI split skin: 

IgA deposits, along the epidermal, dermal or both 
sides of the split 

ELISA test 

■ Circulating IgA antibodies to BPAG1, BPAG2 or 
collagen type VII (at present an ELISA test for 
other autoantigens of the linear IgA disease 

is not available) 

Western blot 

■ Circulating IgA antibodies to different protein 
bands (see Table 39) 
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Epidermolysis bullosa acquisita 

Epidermolysis bullosa acquisita (EBA) is an acquired 
subepidermal autoimmune blistering disease of the 
skin and/or mucous membranes which is charac- 
terised by the presence of IgG deposits along the BM 
zone and circulating IgG autoantibodies to type VII 
collagen [292,293,1085-1087]. 

The disease was first described by George Elliot in 
1896 [8]. 

EBA is a rare disease but its exact incitence is not 
known. In Western Europe the incitence is estimated 
to be 0.17-0.26 per one million population [1046, 
1047] • It affects mainly adults [1085, 1086] but can also 
occur in children [1088, 1089] and even infants 
[1090]. The mean age at onset is 47 years [1086]. EBA 
affects all races and there is no gender predilection 
[1091]. There are some reports that EBA patients have 
significant association with HLA-DR2 [1092]. 

Clinically, EBA can be divided into three variants: 
classic, infiammatory and mucosal. 

Classic EBA 

It presents with marked skin fragility, trauma-in- 
duced blisters and erosions on the extensor surfaces 
of the limbs [8, 1085, 1086, 1087, 1093]. The blisters 
arise on normal-appearing skin, are tense, clear or 
haemorrhagic and heal with scarring and milia for- 
mation. The extent of the disease in affected patients 
is variable. Some patients have a localised disease 
that predominantly affects the dorsum of the hands 
and arms and closely mimics porphyria cutanea 
tarde. Others have more extensive involvement of the 
acral sites and present a picture similar to dystrophic 
epidermolysis bullosa. Figure 250 shows a patient 
with classic EBA. 



Inflammatory EBA 

This variant is less well known and is characterised 
by widespread eruptions of tense blisters which de- 
velop on erythematous or normal appearing skin and 
frequently resembles BP or LAD [1086, 1087, 1090, 
1093, 1094]. The blisters are seen usually on fiexual 
and/or intertriginous areas and tend to heal with less 



scarring and milia formation. Infiammatory EBA 
resembling CP [1095] or DH [1094], was also report- 
ed. 

Transition between, or combination of the classic 
and the infiammatory variants of EBA may occur 
[1085]. 

Mucous membrane lesions may occur in both of 
the aformentioned variants [1087, 1096-1099] and 
sometimes are severe [1097,1100]. 

Figure 251 shows a patient with infiammatory 
EBA. 



Mucosal EBA 

In this variant of EBA the disease affects exclusively 
the mucous membranes. Mucosal EBA is very rare 
and few cases have been reported [1101, 1102]. 

We have seen three patients with mucosal EBA. 
In one patient the disease affected the oral cavity 
(Fig. 252) in addition to the nasopharynx and the 
larynx. This patient was complicated with airway ob- 
struction which necessitated tracheostomy. In the 
second patient the disease involved the oral cavity in 
addition to the anal mucosa (Figs. 253, 254). In the 
third patient the disease was limited to the eyes (Fig. 
255). None of these patients developed skin lesions 
for a follow up period of 10 years. In these three pa- 
tients the clinical manifestations and the course of 
the disease were similar to that of mucosal CP. 

Type VII collagen is the autoantigen of EBA [292, 
293]. The circulating IgG autoantibodies in sera of 
EBA patients are directed in most of cases against the 
NCi domain of type VII collagen [1103]. In some cas- 
es, however, they are directed to NC2 domain [1104], 
to the collagenous domain [1105] or to all of the three 
domains of the molecule [1106]. For more informa- 
tion about type VII collagen see CHAPTER 2. 

EBA may be induced by drugs [1107] or exacerbat- 
ed by ultraviolet radiation [1108]. 

EBA has been reported in association with a num- 
ber of systemic diseases [1109]. Of these, systemic lu- 
pus erythematosus, and Crohn’s disease and ulcera- 
tive colitis are the most common associations [1109]. 
Recently, circulating IgG autoantibodies to type VII 
collagen were reported in 68% of patients with 
Crohn’s disease [1110]. In addition to the skin, type 
VII collagen is also present in the colon [1110]. 
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Fig.250. Bullae, haemorrhagic crusts, atrophic scars and milia on the hands of a patient with classic EBA 




Fig.251. Bullae and erosions on erythematous skin on the 
buttocks of a patient with inflammatory EBA 
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Fig.254. Mucosal EBA.The same patient in 
Figure 253 with erosions and macerations 
affecting the anus 




Fig. 255. Conjunctival blisters, erosions 
and fibrosis in a patient with mucosal EBA. 
In this patient the disease was restricted to 
the eyes and no cutaneous or other mu- 
cous membrane lesions were present 
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Histopathological Findings 

Histopathologically, fully developed lesions of EBA 
are characterised by formation of subepidermal blis- 
ters [899,1033,1086,1103]. 

In the classic variant of EBA, the blister is associat- 
ed with sparse perivascular and interstitial infiltrate 
of lymphocytes in the upper dermis (Fig. 256). Some- 
times, a few eosinophiles and/or neutrophils are pres- 
ent. Fibrosis (Fig. 257) or fibrosis and milia may be 
present in recurring lesions. In the infiammatory 
variant of EBA the blister is associated with moder- 
ately dense lymphocytic infiltrate with eosinophils 
and neutrophils. The infiltrate is present at the base 
and sides of the blister. In some patients the 
eosinophils predominate the infiltrate (Fig. 258). In 
other lesions, the neutrophils are the dominant cells 
and may form papillary neutrophic abscesses as in 
DH (Fig. 259). Sometimes the infiltrate consists main- 
ly of lymphocytes (Fig. 260). 

Mucosal EBA also shows histopathologically simi- 
lar findings as in the infiammatory variant of EBA but 
usually the infiltrate is more dense and contains nu- 
merous plasma cells (Fig. 261). The histopathology of 
ocular EBA can not be distinguished from ocular CP 
or ocular LAD (see Figs. 213-215, 245). 

Using antibodies to type IV collagen we found that 
the blisters in all variants of EBA are located in the 
sublamina densa region (Fig. 262). 

Early urticarial lesions of the infiammatory vari- 
ant of EBA are histopathologically not to distinguish 
from urticarial lesions of other autoimmune blister- 
ing diseases and show perivascular and interstitial 
infiltrate of lymphocytes, neutrophils and eosino- 
phils [899]. The eosinophils or the neutrophils may 
dominate the infiltrate and are present also along 
the BM zone which displays vacuolar degeneration. 
Eosinophilic and/or neutrophilic spongiosis may be 
present. In Fig. 263 the histopathology of an early 
lesion of the infiammatory variant of EBA is shown. 

The histopathological findings in EBA are not di- 
agnostic because they can also be seen in many other 
diseases [899] (see Table 42). The diagnosis of EBA 



can only be confirmed by correlating the clinical pic- 
ture with the histological findings and the results of 
the immunofiuorescence and the blister mapping. 
Identifying the target autoantigen by Western blot or 
ELISA using recombinant fusion protein of type VII 
collagen is still only possible in limited numbers of 
laboratories and if done will authenticate the diagno- 
sis [nil]. 

In the DIF, using perilesional skin or perilesional 
mucosa in all patients with active EBA, linear de- 
posits of IgG were found along the BM zone (Fig. 
264). Occasional concomitant presence of IgG and 
IgA or IgM have been also reported [1085]. 

Using NaCl split perilesional skin or mucosa, it has 
also been observed that the IgG deposits in EBA pa- 
tients are present on the dermal side of the split [1112] 
(Fig. 265). 

As reported in the literature the band of IgG de- 
posits was relatively wider than that in other subepi- 
dermal autoimmune blistering diseases [1085, 1086] 
(Figs. 264, 265). This may be because the autoantigen 
of EBA (type VII collagen) is present in the anchoring 
fibrils which extend from the lamina densa into the 
papillary dermis (see Fig. 35). With direct immuno- 
electron microscopic examination on perilesional 
skin, the exact location of the autoantigen can be de- 
termined as seen in Figure 266. 

HE examination demonstrates the presence of cir- 
culating IgG antibodies to proteins of the BM zone 
[1085]. The sensitivity of this examination is about 
20% on using intact normal human skin. On using 
NaCi split normal skin as a substrate, the sensitivity 
increases to 50% with the antibodies bound to the 
dermal side of the split [1112]. 

The circulating IgG antibodies in EBA react in the 
Western blot or immunoprecipitation examinations 
with a 290-kDa protein band which represents type 
VII collagen [1085]. In addition, these antibodies re- 
act positively with recombinant fusion protein of 
type VII collagen in the ELISA test [1111]. 

Table 43 displays the diagnostic criteria of EBA. 
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Fig.256. Histopathology of a lesion of classic EBA showing a subepidermal blister and sparse perivascular and interstitial lym- 
phocytic infiltrate 
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Fig.257. Histopathology of a recurrent repeated lesion of classic EBA showing a subepidermal blister and slight perivascular 
and interstitial lymphocytic infiltrate with few neutrophils and eosinophils. Fibrosis can also be seen 
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Fig. 258. Histopathology of a fully developed lesion of inflammatory EBA showing a subepidermal blister which contains neu- 
trophils, eosinophils and fibrin. At the sides and base of the blister as well as in upper, and mid-dermis, there is lymphocytic in- 
filtrate with numerous eosinophils and some neutrophils 
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Fig.259. Histopathology of a fully developed lesion of inflammatory EBA displaying a subepidermal blister and lymphocytic in- 
filtrate with many neutrophils and some eosinophils. At the side of the blister the neutrophils are also present in the dermal 
papillae forming papillary abscesses as in DH 
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Fig. 260. Histopathology of a fully developed lesion of inflammatory EBA. A subepidermal blister can be seen which contains 
fibrin and a few lymphocytes. At the sides and base of the blister as well as in upper and mid-dermis, a perivascular and inter- 
stitial infiltrate which consists mainly of lymphocytes can be seen 
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Fig. 261 . Histopathology of inflammatory EBA showing subepidermal blisters and dense lymphocytic infiltrate with many 
plasma cells.This biopsy was taken from the patient shown in Figure 254 
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Fig. 262. Blister mapping using antibodies against type IV collagen in a fully developed lesion of EBA.The lamina densa (arrow) 
is situated at the blister roof indicating that the blister is located in the sublamina densa region 
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Fig. 263. Early lesion of inflammatory EBA displaying spongiosis with eosinophils, eosinophils along the BM zone which shows 
vacuolar degeneration. Perivascular and interstitial infiltrate of lymphocytes with numerous eosinophils are also seen 
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Fig.264. DIF using perilesional normal ap- 
pearing skin from a patient with EBA.A lin- 
ear IgG deposit along the basement mem- 
brane zone can be seen (arrows) 
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Fig.265. DIF using salt split perilesional 
normal appearing skin from a patient with 
EBA. Linear IgG deposits can be seen along 
the dermal side of the split (arrows) 




Fig. 266. Direct immunoelectron micro- 
scopic examination using perilesional nor- 
mal appearing skin from a patient with 
EBA. The gold particles are present along 
the anchoring fibrils A.fib. They are also 
present at the the lamina densa LD where 
the anchoring fibrils emerge. LL lamina lu- 
cida, K basal keratinocyte 
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Table 42. Histopathological differential diagnosis of EBA 



EBA 


Histological differential diagnosis 


Classic EBA 


Cell poor BP, toxic epidermal necrolysis, junctional epidermolysis bullosa, 
dystrophic epidermolysis bullosa, porphyria cutanea tarda, pseudoporphyria 


Inflammatory EBA 


Cell rich BP, LAD, HG, CP, 

DH, bullous systemic lupus erythematosus, bullous drug reaction 


Urticarial lesions of EBA 


1 . Urticarial lesions of intraepidermal autoimmune bullous diseases 

2. Urticarial lesions of cell rich BP, LAD or HG 

3. Drug reaction, insect bite 


Table 43. Diagnostic criteria of EBA 


Table 44. ARA criteria for the diagnosis of SLE [1115] 



Histology 

■ Subepidermal blister with scarce or moderate to 
dense infiltrate of lymphocytes, eosinophils and / 
or neutrophils 

■ Eosinophilic and/or neutrophilic spongiosis 

Blister mapping using antibodies against type IV 
collagen 

■ Sublamina densa blister 
DIF examination 

■ Perilesional intact human skin or mucosa: 

Linear deposits of IgG along the BM zone 

■ Perilesional NaCI split skin: 

IgG deposits, along the dermal side of the split 

ELISA test 

■ Circulating IgG antibodies to collagen type VII 
Western blot 

■ Circulating IgG antibodies to 290-kDa protein band 



1. Malar rash 



Discoid lesions 
Photosensitivity 



4. Ulcerations in the mouth or rhinopharynx 

5. Arthritis (nonerosive, involving two or more 
peripheral joints) 

6. Serositis (pleuritis, pericarditis) 

7. Renal disorders (proteinuria (> 0,5g/day), 
cellular casts] 

8. Neurological disorders (seizures, psychosis) 

9. Haematological disorders [haemolytic anaemia, 
leukopenia (<4,000/pl), lymphopenia(<1 ,500/]al) 
or thrombocytopenia (<1 00,000/pl)] 

10. Immunological disorders (LE cells, anti-nDNA, 
anti-Sm, or false-positive serological test for syphilis) 

11. Antinuclear antibodies 
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Bullous systemic lupus erythematosus 

Bullous systemic lupus erythematosus (BSLE) which 
was first described by Pedro and Dahl in 1973 [1113], is 
a disease characterised by the occurrence of blister- 
ing eruptions usually in a herpetiform arrangement 
in patients with diseases diagnosed as systemic lupus 
erythematosus (SLE) based upon the American 
Rheumatism Association (ARA) criteria [1114]. The 
ARA criteria are shown in Table 44 [1115]. BSLE af- 
fects mainly adults but may also occur in children 
[1114, 1116, 1117]. Clinically there are tense blisters on 
normal or erythematous skin [1113,1114, 1116, 1117]. 
The lesions are usually herpetiform and widespread 
with a predilection to the trunk and fiexural surfaces. 
Oral lesions have been frequently observed and pru- 
ritus which may be severe has also been reported. Pa- 
tients with BSLE have, similar to EBA patients, high 
association with HLA-DR2 [1109]. 

Figure 267 shows a patient with BSLE 

Histopathological Findings 

The histopathology of BSLE is similar to that of der- 
matitis herpetiformis with subepidermal blisters and 
infiltrate of lymphocytes and many neutrophils (Fig. 
268) [899]. The neutrophils are also present along the 
BM zone which usually shows vacuolar degeneration. 
The neutrophils also collect in the dermal papillae 
and form papillary neutrophilic abscesses. In con- 
trast to dermatitis herpetiformis the infiltrate in 
BSLE is also present around hair follicles. Moreover, 
in BSLE there are also interstial mucin deposits. 

DIF of perilesional skin of patients with BSLE 
show linear and/or granular deposits of IgG and/or 
IgA, IgM, C3 at the BM zone [1114, 1116] . On using NaCl 
split perilesional skin, the deposits are located on the 
dermal side of the split [1118]. The HE examination 
using patients’ sera demonstrates circulating IgG au- 
toantibodies to the BM zone [1116]. These circulating 
IgG autoantibodies recognise by Western blot or im- 
munoprecipitation a 290-kDa protein band which 
represents type VII collagen [294, 1103, 1119]. 

The histopathology and the immunofiuorescence 
alone are not enough to make a definitive diagnosis 
of BSLE. Correlations of the histopathology with the 
clinical picture and laboratory results are necessary. 

Table 45 lists the diagnostic criteria of BSLE. 




Fig.267. BSLE. There are tense herpetiform annular-arranged 
blisters on erythematous plaques (By courtesy of D. Metze, 
Department of Dermatology, University Hospital Munster, 
Munster, Germany) 



Table 45. Diagnostic criteria of BSLE 

■ Four or more ARA criteria 

■ Histopathology similar to that of dermatitis 
herpetiformis 

■ DIF examination 
Perilesional intact human skin: 

Linear deposits of IgG along the BM zone 
Perilesional salt split skin; 

IgG deposits, along the dermal side of the split 

■ ELISA test 

Circulating IgG antibodies to collagen type VII 

■ Western blot 

Circulating IgG antibodies to a 290-kDa protein 
band 
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Fig. 268. Histopathology of BSLE displaying a subepidermal blister and clefts in addition to lymphocytic infiltrate with many 
neutrophils.The neutrophils are also present along the BM zone and in the dermal papillae forming papillary neutrophilic ab- 
scesses similar to that seen in DH 
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Subepidermal Blistering Diseases Due 
to Mutations of Proteins of the Basement 
Membrane Zone 



These diseases include the following: 

1 . Junctional epidermolysis bullosa 

2 . Dystrophic epidermolysis bullosa 

3 . Kindler syndrome 



Junctional epidermolysis bullosa 

Junctional epidermolysis bullosa (JEB) is a group of 
genetic disorders characterised by trauma-induced 
intralamina lucida blister formation [1120, 1121]. The 
molecular defects underlying JEB were recently re- 
vealed in most of the variants and found to be muta- 
tions of the genes coding for BPAG2 [145, 158], the a3, 
the p3 and the 72 polypeptide chains of laminin 5 [46, 
1122-1126] in addition to the a6 [194] and the p4 [193, 
1127] integrin subunits. For more information about 
these proteins see CHAPTER 2. JEB can be classified 
into three main groups: 

1 . Junctional epidermolysis bullosa of the Herlitz type 

2 . Junctional epidermolysis bullosa of the non-Her- 
litz type 

3 . Junctional epidermolysis bullosa with pyloric 
atresia 



Junctional epidermolysis bullosa 
of the Herlitz type (OMIM 226700) 

Synonyms: Lethal junctional epidermolysis 
bullosa, epidermolysis bullosa atrophicans gravis 

Junctional epidermolysis bullosa of the Herlitz type 
(JEB-H) was first described by Herlitz in 1935 [1128]. 
It starts at or soon after birth and has a poor progno- 
sis where most of the affected children die within the 
first six months of life [1120, 1121, 1128-1130]. Some 
children however survive into adulthood. Clinically, 
there are generalised blisters (clear and/or haemor- 
rhagic) and extensive erosions with predilection for 
the buttocks, extremities (Fig. 269), fingertips, 
around the nails and heels. The lesions heal with at- 
rophy but there is no scarring or milia formation. In 
older children central facial erosions with character- 
istic exuberant granulation tissue are usually ob- 



served. The nails are dystrophic or absent and the 
teeth are dysplastic with caries tendencies. Growth 
retardation and anaemia are frequently present. Mu- 
cous membranes are usually involved especially that 
of the oral cavity. The mode of inheritance is autoso- 
mal recessive [1131] and the molecular defects are 
mutations of the genes coding for the a3, the p3 and 
the 72 polypeptide chains of laminin 5 [46,1122-1126]. 

Junctional epidermolysis bullosa 
of the non-Herlitz type 

Synonym: Non-lethal junctional epidermolysis 
bullosa 

Junctional epidermolysis bullosa of the non-Herlitz 
type (JEB-nH) comprises several subtypes of JEB (for 
example generalized atrophic benign EB and late on- 
set JEB) which in general have better prognosis than 
JEB-H and display overlapping clinical features 
[1132]. In all these subtypes there are blisters (clear 
and/or haemorrhagic) and erosions (Fig. 270). The 
lesions heal with atrophy but there is no scarring or 
milia formation. Pigmentary changes may also be 
present (Fig. 271). The blisters may be generalised or 
localised to the lower extremities and soles. In some 
patients the lesions are primarily located at inverse 
sites (axillae, groins and perineum). There are usual- 
ly dystrophic nails and dysplastic teeth (Fig. 271). 
JEB-nH starts at or shortly after birth. In some pa- 
tients the disease however starts at the age of 5-8 
years. JEB-nH may be complicated by the develop- 
ment of squamous cell carcinoma [1132a]. The mode 
of inheritance in JEB-nH is autosomal recessive [1132] 
and the molecular defects are mutations of the genes 
encoding for BPAG2 [145, 158] or any of the three 
polypeptide chains of laminin 5 [46, 1122-1126]. 

Junctional epidermolysis bullosa 
with pyloric atresia (OMIM 226730) 

Junctional epidermolysis bullosa with pyloric atresia 
(JEB -PA) is a distinct variant of junctional epider- 
molysis bullosa which was first described by Bull et 
al. in 1983 [1133]. It starts at birth or shortly thereafter 
and is characterised by skin blistering in association 
with congenital oesophageal, pyloric or duodenal 
atresia [1133, 1134]. In some patients there is also apla- 
sia cutis congenita [1135]. Renal abnormalities may 
also be present [1136]. 
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Fig. 269. Extensive erosions on the but- 
tocks and lowe limbs of a baby with junc- 
tioinal epidermolysis bullosa of Herlitz 
type 
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Fig.271. Non-Herlitz junctional epidermolysis bullosa displaying erosions, crusts and pigmentary changes. The nails are dys- 
trophic and the teeth are dysplastic 



JEB-PA is due to mutations of the gene encoding 
for the a 6 [193] or the p4 [1127,1137] integrin subunits. 
The mode of inheritance is autosomal recessive, how- 
ever, sporadic cases have also been reported [1132]. 

EB-PA is frequently lethal, but nonlethal cases 
have also been reported. In the lethal cases death usu- 
ally occurs in the first few months of life, despite sur- 
gical management of the gastrointestinal abnormali- 
ty [1138]. In most of the lethal cases the mutations are 
found to result from PTC (premature termination 
codon) of the gene encoding for the a 6 or the p4 in- 
tegrin subunits resulting in absence of the correspon- 
ding protein [1138]. In nonlethal cases the severity of 
the skin lesions tends to improve with age and pa- 
tients often demonestrate nail dystrophy and teeth 
hypoplasia. 

Table 46 summarises the features and molecular 
defects of JEB variants. 



Histopathological Findings 

Histologically, all variants of JEB are characterised by 
the formation of subepidermal blisters which are as- 
sociated with sparse infiltrate in the dermis (Fig. 272). 

The blister in JEB is located in the lamina lucida 
region (Fig. 273, 274). DIF and IF examinations are 
negative. The histology of JEB is not diagnostic and 
can be seen in other diseases (see Table 47). It should 
therefore be correlated with the clinical picture and 
the results of immunofiuorescence examinations in 
addition to the results of the blister mapping with 
type IV collagen antibodies. Mutation analysis will 
confirm the diagnosis and show the gene defect. 

Table 48 lists the diagnostic criteria of JEB 
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Fig. 272. Histopathology of junctional 
epidermolysis bullosa displaying a sub- 
epidermal blister with intact dermal 
papillae. In the dermis sparse perivascular 
and interstitial infiltrate of lymphocytes 
can be seen 
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Fig.273. Blister mapping using antibodies against type IV collagen in a lesion of junctional epidermolysis bullosa. The lamina 
densa (arrows) is situated at the blister floor indicating that the blister is located in the lamina lucida region 



Fig. 274. Ultrastructure of a blister in a 
patient with junctional epidermolysis 
bullosa. In all variants of junctional epi- 
dermolysis bullosa the blister is located 
in the lamina lucida. The hemidesmo- 
somes may be rudimentary, reduced in 
number or absent as in this patient. 
N nucleus, F fibroblast, C collagen fibres 
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Dystrophic epidermolysis bullosa 

Dystrophic epidermolysis bullosa (DEB) is a group of 
genetic disorders caused by mutations of the gene en- 
coding for type VII collagen and is characterised by 
trauma-induced blister formation in the sublamina 
densa region [367, 1139, 1140]. The blisters heal with 
scarring and milia formation. DEB maybe autosomal 
dominant or autosomal recessive. 



Autosomal dominant DEB 

This encomprises the following 4 variants: 

Bart's syndrome (OMIM 132000) 

Synonym: Epidermolysis bullosa and congenital 
localised absence of the skin 

This variant of DEB was first described by Bart in 
1966 [302] and is characterised by congenital absence 
of the skin (especially on the lower extremites), blis- 
tering of the skin and mucous membranes as well as 
congenital absence or dystrophy of the nails [302]. 
Bart’s syndrome is due to mutations of type VII col- 
lagen gene [301]. Figure 275 shows a photograph of 
one of the cases reported in the original publication 
of Bart. 



Dystrophic epidermolysis 
bullosa, Cockayne-Touraine 

Dystrophic epidermolysis bullosa, Cockayne-Tour- 
aine (DEB-CT) which was first described by Cock- 
ayne in 1933 [1141] and later by Touraine in 1942 [1142] 
starts at birth or during infancy or early childhood. 
The blisters occur mainly on the extremities and heal 
with milia and scars that may be hypertrophic [367, 
1140-1142]. Nails are dystrophic but hair and teeth are 
normal. Rarely, lesions of the oral mucosa are pres- 
ent. DEB-CT is due to mutations of type VII collagen 
gene [1143]. 

Figure 276 shows an infant and a child with DEB- 
CT. 



Dystrophic epidermolysis bullosa, 
albopapuloidea (OMIM 131750) 

Synonym: Dystrophic epidermolysis bullosa, 

Pasini type 

Dystrophic epidermolysis bullosa, albopapuloidea 
was first described by Pasini in 1928 [1144]. Clinically, 
it is similiar to the Cockayne-Touraine variant but in 
addition it is characterised by the development of al- 
bopapuloid papules (Pasini papules) during adoles- 
cence [367]. These papules are ivory-white or fiesh 
coloured and usually located on the trunk. Dystroph- 
ic epidermolysis bullosa, albopapuloidea is due to 
mutations of type VII collagen gene [1143]. 

Figure 277 shows a patient with dystrophic epider- 
molysis bullosa, albopapuloidea. 

Transient bullous dermatolysis 
of the newborn (OMIM 131705) 

This variant of DEB was first described by Hashimo- 
to et al. in 1985 [300] and is characterised by blister 
formation only during the first months of life. The 
blisters subsequently disappear spontaneously [300, 




Fig. 275. Photograph of one of the cases reported in the orig- 
inal publication of Bart [302] 
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Fig. 276. Dystrophic epidermolysis bul- 
losa, Cockayne-Touraine. In A, blisters and 
erosions on the hands and in B atrophic 
scarring and milia formation as well as dy- 
strophic nails on the feet can be seen 





1145]. The blisters are generalised and are especially 
prominent on the extremities. Nail dystrophy is ab- 
sent. Transient bullous dermatolysis of the newborn 
is due to mutations of type VII collagen gene [299]. 
Why the disease is transient and the blisters appear 
only in the first months of life is not known. 



Autosomal recessive DEB 

Autosomal recessive DEB encomprises the following 
two variants: 

Dystrophic epidermolysis bullosa, 
Hallopeau-Siemens (OMIM 226600) 

This variant of DEB was first described by Hallopeau 
in 1898 [15] and later by Siemens in 1922 [1146]. The 
blisters are usually present at birth or shortly after 
and affect any part of skin, especially sites of friction, 
pressure and trauma [1140, 1147]. Healing is associat- 
ed with marked scarring and milia formation. Severe 
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Fig.277. Dystrophic epidermolysis bullosa, albopapuloidea. 
There are albopapuloid lesions (flat topped, white scar- 
like papules and plaques) on the trunk and forearms. Atroph- 
ic scars are also seen on the elbows as well as dystrophic 
nails 



involvement of the peripheries may result in flexual 
contracture and mitten-like deformites of the hands 
and feet (pseudofusion of digits and toes). Involve- 
ment of the scalp may lead to scarring alopecia. Nails 
are dystrophic or abscent. Teeth are malformed and 
dysplastic. Oral, oesophageal, anal and vaginal mu- 
cosa are usually involved resulting in stricture forma- 
tion. Ocular involvement with numerous ocular ab- 
normalities may occur, including corneal opacities, 
keratitis, conjunctivitis and blepharitis. The progno- 
sis of dystrophic epidermolysis bullosa, Hallopeau- 
Siemens (DEB-HS) is poor. Malnutrition, anaemia 
and amyloidosis due to chronic infections often oc- 
cur in patients who survive until childhood. 

Squamous cell carcinoma may complicate the ar- 
eas of scarring [1147a]. 



DEB-HS is due to mutations of type VII collagen 
gene [1148]. 

Figure 278 shows a patient with DEB-HS. 



Dystrophic epidermolysis bullosa-non- 
Hallopeau-Siemens 

This type of DEB comprises all patients with reces- 
sive DEB who lack the cutaneous and extracutaneous 
features of Hallopeau-Siemens variant [1132]. Dys- 
trophic epidermolysis bullosa- non-Hallopeau-Sie- 
mens is due to mutations of type VII collagen gene. 

Table 49 lists the features and molecular defects of 
the DEB variants. 
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Table 49. Variants of DEB. Features and molecular defects 
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Histopathological Findings 

Histopathologically, all variants of DEB are charac- 
terised by the formation of a subepidermal blister 
with sparse infiltrate of lymphocytes in the upper 
dermis (Fig. 279). In recurrent repeated lesions fibro- 
sis and/or milia may be present (Fig. 280). The blister 
in DEB is located in the sublamina densa region (Fig. 
281). DIF and IF examinations are negative. The his- 
tology of DEB is not diagnostic and can be seen in 
other diseases (see Table 50). The diagnosis of DEB 
can only be made on correlating the histopathology 
with the clinical picture and the results of immuno- 
fiuorescence in addition to blister mapping with an- 
tibodies to type IV collagen. Mutation analysis will 
confirm the diagnosis and show the gene defect. Table 
51 lists the diagnostic criteria of DEB. 



Table 50. Diseases with histopathological findings similar to 
DEB 

■ Cell poor BP 

■ Classic EBA 

■ Porphyria cutanea tarda 

■ Pseudoporphyria 

■ JEB 

■ Toxic epidermal necrolysis 

Table 51. Diagnostic criteria of DEB 
Histology 

■ Subepidermal blister with sparse infiltrate 
in the dermis 

Blister mapping using antibodies against type IV 
collagen 

■ sublamina densa blister 
Mutation analysis 

■ Mutations of the gene coding for type VII collagen 



Fig. 279. Histopathology of dystrophic 
epidermolysis bullosa showing a subepi- 
dermal blister with intact dermal papillae. 
In the dermis there is sparse perivascular 
and interstitial infiltrate of lymphocytes. In 
early lesions there is no fibrosis (Fig. 279). 
In recurrent repeated lesions fibrosis de- 
velops (Figure 280) 
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Fig.280. Histopathology of a recurrent repeated lesion of dystrophic epidermolysis bullosa showing a subepidermal blister 
with fibrosis and milium formation 
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Fig.281 . Mapping of a blister from a patient with dystrophic epidermolysis bullosa using antibodies against type IV collagen. 
The lamina densa (arrow) is present at the blister roof indicating that the blister is in the sublamina densa region 
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Kindler syndrome (OMIM 1 73650) 

Synonyms: Hereditary acrokeratotic 
poikiloderma, bullous acrokeratotic poikiloderma 
of Kindler and Weary, congenital poikiloderma 
with bullae 

Kindler syndrome is a rare congenital disorder first 
described by Kindler in 1954 [1149]. Clinically, blis- 
ters, poikiloderma-like changes (Fig. 282), photosen- 
sitivity and marked cutaneous atrophy that can in- 
volve a large area of the skin are seen [367, 1149, 1150]. 
Often nail dystrophy and syndactyly of fingers and 
toes are present. The blisters are trauma-induced, 
heal with scarring and occur mainly on hands and 
feet (Fig. 283). The blisters appear at birth, persist 
usually through infancy and childhood and tend to 
decrease with age. The poikiloderma-like changes 
usually occur on the face and neck. Similar to the blis- 
ters, the photosensitivity also decreases with age. 
Other fiatures of Kindler syntrome are palmoplantar 
hyperkeratosis as well as periodontal changes and 
dental caries. 

The mode of inheritence in Kindler syndrome is 
autosomal revessive [1151]. 

Recent studies showed that Kindler syndrome is due 
to loss-of-function mutations of KINDi gene [1151, 
1152]. KINDi gene (OMINM 607900) codes for 
Kindlini protein which is a human homolog of the 
Caenorhabditis elegans protein UNC-112, a mem- 
brane-associated structural/signaling protein that 
has been implicated in linking the actin cytoskeleton 
to the extracellular matrix. KINDi gene is mapped to 
chromosome 2opi2.3, spans about 50 kb of the 
genome and consists of 15 exons [1151, 1152a]. 

Histopathological Findings 

Two children with Kindler syndrome were seen at the 
Department of Dermatology, University of Diissel- 
dorf. Examination of blistering lesions of these pa- 
tients showed histopathologically a subepidermal 
blister with fibrosis and perivascular and interstitial 
infiltrate in the upper and mid-dermis (Fig. 284). Us- 
ing antibodies to collagen IV we found that the blis- 
ter is located in the lamina lucida region (Fig. 285). 

DIF and IIF examinations were negative. 

Ultrastructural findings in Kindler syndrome are 
characteristic and show branching and duplication of 
the lamina densa (Fig. 286). 



The histopathology of Kindler syndrome is not di- 
agnostic and can be seen in other diseases such as 
EBA, CP and DEB. Correlations of the histopathology 
with the clinical picture, the results of blister map- 
ping, immunofiuorescence and electron microscopy 
are necessary to make a diagnosis in Kindler syn- 
drome. Mutation analysis will reveal the gene defect 
and confirm the diagnosis. 

Table 52 displays the diagnostic criteria of Kindler 
syndrome. 



Table 52. Diagnostic criteria of Kindler syndrome 
Histology 

■ Subepidermal blister 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
DIF and IIF examinations 

■ Negative 
Electron microscopy 

■ Branching and duplication of the lamina densa 
Mutation analysis 

■ Mutation of the KINDI gene 
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Fig. 283. The same patient shown in Fig. 
282. There are also atrophic scars and 
haemorrhagic blisters on both hands. In 
addition, there is contracture of the fin- 
gers secondary to scarring 
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Fig. 284. Histopathology of a blister 
in Kindler syndrome. A subepidermal 
blister and fibrosis as well as lympho- 
cytic infiltrate with some neutrophils 
and eosinophils can be seen 







Subepidermal Blistering Diseases 



Chapter 4 



255 



Intralamina 
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Blood vessels 




Fig. 285. Mapping of a blister from a patient with Kindler syndrome using antibodies against type IV collagen. The lamina den- 
sa (arrow) is present at the blister floor indicating that the blister is in the lamina lucida 




Fig. 286. Utrastructure of perilesional skin from a patient with Kindler syndrome showing duplication and branching of the lam- 
ina densa (arrows) 
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Miscellaneous Subepidermal 
Blistering Diseases 



This group of subepidermal blistering diseases in- 
cludes the following: 

1. Toxic epidermal necrolysis 

2 . Porphyria cutanea tarda 

3 . Pseudoporphyria 

4 . Bullosis diabeticorum 

5 . Coma blisters 



Toxic epidermal necrolysis 

Synonym: Drug induced LyelTs syndrome 

Toxic epidermal necrolysis (TEN) is a severe life- 
threatening drug reaction in which keratinocytes 
apoptosis is abnormally increased and large areas of 
the epidermis affecting more than 30% of the body 
surface are separated from the dermis at the DEJ pro- 
ducing a scalded skin appearance [1153-1156]. The 
mechanism responsible for the enhanced ker- 
atinocytes apoptosis in TEN is not completely 
known. Most probably it results from up-regulation 
of the lytic ligand of the keratinocytes death receptor 
Fas [1153]- 

TEN was first derscribed by Alan Lyell in 1956 
[1157]. It occurs in all age groups including children, 
infants and neonates [1157-1162]. A slight preditec- 
tion is noticed in females [1162]. TEN is also observed 
to be more common among patients with HIV infec- 
tion, SEE and bone-marrow-transplant recipients in 
addition to elderly people [1160]. TEN is a rare disor- 
der which occurs at an estimated incidence of 0.4 to 
1.2 cases per million population per year [1153]. 

Many drugs appear to be able to cause TEN [1154, 
1163-1165]. The most common offending drugs are 
displayed in Table 53 [1163]. Identification of the cul- 
prit drug is often difficult and the lymphocyte trans- 
formation test is of no help [1159]. TEN most often 
begins 1-3 weeks after the onset of administration of 
the causative drug, whereas the rare recurrences be- 
gin within two days [1154]. 

Clinically, there are cutaneous and mucous mem- 
brane lesions [1154, 1154, 1157-1160, 1162, 1164] . The ap- 
pearance of these lesions is usually preceded by a 
prodrome that may last for 2-3 days and resembles an 
upper respiratory tract infection with malaise, fever, 
cough, and sore throat. Not uncommonly conjuncti- 



val burning or itching, cutaneous tenderness and dy- 
suria can also occur. The cutaneous lesions begin 
most often on the face or the trunk and consist of 
morbiliform eruptions, discrete areas of macular ery- 
thema or target-like lesions. The lesions coalesce rap- 
idly and spread quickly to other areas of the body. 
The epidermis in the affected areas becomes necrot- 
ic and is raised by fiaccid large blisters. The necrotic 
epidermis may remain over the dermis displaying a 
characteristic wrinkled appearance or slough off in 
sheets leaving dark red oozing dermis. A painful 
oedematous erythema usually develops on the palms 
and soles. The palms and soles may become entirely 
denuded. The fingernails and the toenails may be 
shed. The maximal extension of the cutaneous le- 
sions usually occurs in few days to a week (some- 
times, however, it happens in a few hours). The entire 
skin surface may be involved with up to 100% of epi- 
dermal sloughing. The hairy portion of the scalp is 
reported by some to be never affected [1158] . Approx- 
imately 97% of TEN patients have mucosal lesions 
[1160, 1164]. These usually occur shortly before the 
beginning of cutaneous lesions and the most com- 
monly affected mucosae in order are those of the 
oropharynx, the eyes and the anogenital region. The 
mucosal lesions cause crusted lips, salivation, photo- 
phobia and painful micturition. Involvement of gas- 
trointestinal and respiratory mucosae may also oc- 
cur. In the gastrointestinal tract, oesophageal slough- 
ing is not uncommon and can result in bleeding and 
diarrhoea. In the respiratory tract, tracheobroncheal 
lesions can cause interstitial oedema, hyperventila- 
tion, and acute respiratory disease syndrome. 

Figure 287 shows a patient with TEN following 
famotidine administration. 

Complications of TEN are similar to those seen in 
extensively burned patients (Table 54) [1154, 1156, 
1162, 1165]. TEN has a mortality rate of about 30% 
[1154]. The main cause of death is sepsis and the most 
important prognostic factors are age, percentage of 
denuded skin and the urea-nitrogen concentration 
[1154, 1160]. 

In patients who survive TEN most of the skin sur- 
faces reepithelialize in 2-3 weeks [1158]. Healing of 
mucosal lesions takes longer. The sequelae which 
may occur in surviving patients are displayed in 
Table 55 [1158,1159,1160]. 
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Stevens-Johnson syndrome 

In 1922 Stevens and Johnson [1166] described two 
children with febrile erosive stomatitis, severe con- 
junctivitis, and disseminated cutaneous eruption 
similar to those of erythema multiforme. The disease 
that they reported became known as Stevens- John- 
son syndrome (SJS). In 1950, Thomas considered SJS, 
a form of erythema multiforme and named it erythe- 
ma multiforme major [1167]. For erythema multi- 
forme described by Hebra [1168], he coined the term 
erythema multiforme minor [1167]. Recent studies 
have shown that SJS and erythema multiforme are 
two distnct diseases [1169, 1170]. By current conven- 
tion SJS is a milder form of TEN where the epidermal 
necrosis involves less than 10% of the body’s surface 
area [1155, 1171]. In TEN, the epidermal necrosis af- 



fects greater than 30% of the body surface area. Pa- 
tients whose disease involves 10-30% of their body 
surface area are said to have SJS/TEN overlap. 

The histopathological features of SJS and TEN are 
identical. 

Table 53. The most common caustive drugs of TEN [1 1 63] 

Antibactrial sulphonamides 
Anticonvalsant agents 

Oxicam nonsteroidal antiinflammatory drugs 

Allopurinol 

Chlormezanone 

Corticosteroids 




Fig. 287. TEN following famotidine administration 
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Table 54 Complications of TEN [1 1 54, 1 1 58, 1 1 62, 1 1 65] 

1 . Dehydration and electrolyte abnormalities 

2. Impaired thermoregulation 

3. Increased energy expenditure 

4. Local infection 

5. Sepsis 

6. Disseminated intravascular coagulation 

7. Hepatocellular damage 

8. Pneumonia 

9. Acute tubular necrosis 

10. Nephritis 

11. Myocardial damage 

1 2. Blood dyscrasias (anaemia, leucopenia, 
lymphopenia, thrombopenia) 



Table 55. Sequelae which may occur in TEN survived patients 
[1158,1159,1162] 

1. Cutaneous sequelae 

■ Hyperpigmentation 

■ Hypopigmentation 

■ Nail loss 

■ Nail dystrophy 

■ Hypohidrosis 

■ Hypertrophic scarring and contracture 

2. Ocular sequelae 

■ Ectropion 

■ Entropion 

■ Trichiasis 

■ Symblepharon formation 

■ Lacrimal duct destruction 

■ Vascularization of the cornea 

■ Corneal opacity 

■ Blindness 

3. Others 

■ Oesophageal strictures 

■ Phimosis 

■ Vaginal synechiae 



is also present. Epidermal necrosis and the subepi- 
dermal blister formation usually affect the whole 
length of the biopsy. The subepidermal blisters of TEN 
are located in the lamina lucida region (Fig. 289). 

Early lesions of TEN show epidermal necrosis, 
apoptotic keratinocytes, and vacuolar degeneration 
of the DEJ. The stratum corneum is basket-weave- 
like. In the dermis there is oedema and sparse 
perivascular and interstitial infiltrate of lymphocytes 
and occassionally neutrophils (Fig. 290). 

TEN can be difficult to distinguish clinically from 
SSSS. Examination of frozen sections of the sloughed 
epidermis makes it possible to differentiate rapidly 
between the full-thickness necrosis of TEN and the 
subcorneal split of SSSS [1158, 1172] (Fig. 291). In addi- 
tion, paraneoplastic pemphigus and linear IgA dis- 
ease may present clinically as TEN [1173, 1174]. These 
diseases can, however, be distinguished from true 
TEN by histopathological and immunofiuorescence 
examinations. 

Table 56 displays the diagnostic criteria of TEN. 



Table 56. Diagnostic criteria of TEN 

Histology 

■ Subepidermal blister where the epidermis forming 
the blister roof shows full thickness necrosis and has 
a basket weave stratum corneum 

■ Sparse perivascular and interstitial infiltrate of 
lymphocytes and occasionally few neutrophils 

■ Dilated blood vessels, usually stuffed with 
erythrocytes, erythrocytes extravasate 

Blister mapping using antibodies against type IV 

collagen 

■ Intralamina lucida blister 

DIF and IIF examinations 

■ Negative 



Histopathological Findings 

Fully developed lesions of TEN are characterised by 
formation of subepidermal blisters. The epidermis 
forming the blister roof shows full thickness necrosis 
and has a basket-weave stratum corneum (Figs. 288, 
289). In the dermis there is sparse perivascular and 
interstitial infiltrate of lymphocytes and occasionally 
few neutrophils. The blood vessels are dilated and 
stuffed with erythrocytes. Erythrocytes extravasate 



Fig.288. Histopathology ofTEN.The epidermis is necrotic and ► 
there is a subepidermal blister which contains erythrocytes. 

In the dermis sparse lymphocytic infiltrate with a few neu- 
trophils in addition to dilated blood vessels and erythrocytes 
extravasate can be seen 
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Fig. 289. Histopathology of TEN. Necrotic epidermis and subepidermal blister which affect nearly the whole length of the biop- 
sy. In the dermis there is sparse lymphocytic infiltrate with neutrophils.The blood vessels are dilated and stuffed with erythro- 
cytes. Mapping of the blister using antibodies against type IV collagen showed it to be in the lamina lucida region. Arrows indi- 
cate the lamina densa 
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Fig. 290. Early lesion of TEN showing epidermal necrosis, apoptotic keratinocytes and vacuolar degeneration of the DEJ. 
The stratum corneum is basket-weave-like. In the dermis there is oedema and sparse perivascular and interstitial infiltrate of 
lymphocytes and neutrophiles 
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Fig. 291 . A A frozen section of the sloughed epidermis in a patient with TEN showing a full thickness necrosis. B A frozen section 
of the sloughed epidermis in a patient with SSSS showing a subcorneal split containing neutrophils 
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Porphyria cutanea tarda 

Porphyrias are a group of disorders characterised by 
excessive accumulation of porphyrins or their pre- 
cursors in tissues due to inherited or acquired defi- 
ciencies in any one of the enzymes that synthesise 
haeme [1175,1176]. 

There are seven types of porphyrias. These are 
acute intermitted porphyria, congential erythropiet- 
ic prophyria, erythropoietic protoporphyria, hepato- 
erythropoietic porphyria, hereditary coproporphyr- 
ia, porphyria cutanea tarda and variegate porphyria 
[1175,1176]. 

The term „Porphyria“ is derived from Greek and 
means purple and originally referred to the red to 
purple colour of the urine of acute intermittent por- 
phyria patients [1177]. 

Porphyria cutanea tarda (PCT) which was first de- 
scribed by Waldenstrom in 1937 [1178], represents the 
most common variant of porphyrias [1175]. It has an 
estimated incidence of 1 in 1,000 to 1 in 30,000 and 
about 60% of the affected patients are males [1175]. 

PCT is due to reduced activity of the enzyme uro- 
porphyrinogen decarboxylase (UROD) which cat- 
alyzes several steps in haeme synthesis [1179-1181] 
(Fig. 292). 

PCT maybe sporadic or familial [1182, 1183]. 

Sporadic PCT is an acquired disorder results from 
reduced activity of UROD in the liver [1180]. 

Familial PCT is an autosomal dominant disorder 
with variable penetrance [1175,1176, 1182, 1183]. It is 
due to mutation of the UROD gene [1184-1186]. Pa- 
tients with familial PCT have reduced activity of 
UROD enzyme in all cells [1175, 1176]. 

Both types of PCT have similar clinical manifesta- 
tions which consist of increased fragility of sun ex- 



posed skin, blister formation, hypertrichosis, actinic 
elastosis, hyper- and hypopigmentation of sun ex- 
posed areas (mottled pigmentation) and morphea- 
like changes [1175, 1176, 1187]. The dorsal surfaces of 
the hands are the principal sites of blisters formation 
in PCT (Fig. 293), however, other sun exposed and 
mechanically stressed areas such as the face, feet, 
forearms and legs may be affected. Shortly after the 
blisters form, they rupture and become painful ero- 
sions that heal slowly with atrophic scars and milia 
(Fig. 293). The blisters are usually induced by trivial 
traumas. The Hypertrichosis occurs often in the face 
especially in the periorbital area (Fig. 294). It may 
also appear on forearms and legs. About 5-10% of 
PCT patients show scleroderma-like cutaneous 
changes mainly on sun exposed (Fig. 295) but also on 
sun protected areas [1175]. 

The clinical onset of PCT is often associated with 
exposure to porphyrinogens such as alcohol, oestro- 
gens, corticosteroids, barbiturates, iron or organic 
chemicals (such as hexachlorobenzene) [1175, 1176]. 
In viral infections (with HIV or hepatitis C virus), in- 
heritance of the hemochromatosis gene and lupus 
erythematosus may predispose the clincal manifesta- 
tions of PCT. 

Confirmation of the diagnosis of PCT requires 
measurement of porphyrin levels in a 24-hour urine 
collection [1175, 1176]. In PCT, total porphyrin levels 
in urine are elevated (10 to loo-fold greater than 
normal) with a predominance of uroporphyrin and 
heptacarboxyporphyrin. Moreover, isocopropor- 
phyrin is demonstrable in faeces. Most PCT patients 
demonstrate raised iron ferritin levels in serum. 
Blood glucose level and liver transaminases are often 
elevated. 
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Fig. 292. The steps of haeme synthesis 
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Fig. 293. A patient with PCT showing blis- 
ters, crusts and atrophic scars on the backs 
of the hands 




Fig. 294. A female patient with PCT showing actinic elastosis 
and hypertrichosis of the temple 
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Histopathological Findings 

Bullous lesions of PCX are characterised histopatho- 
logically by formation of subepidermal blisters 
which are localised within the lamina lucida region 
[899, 1188] (Fig. 296). It may contain fibrin and a few 
infiammatory cells (Figs. 297-298). The epidermis 
forming the blister roof is usually fiattened and may 
be necrotic [899]. In the dermis, there is actinic 
elastosis and sparse superficial perivascular and 
interstitial infiltrate of lymphocytes. The blood ves- 
sels of the upper dermal plexus usually have thick- 
ened walls which can be best demonstated by PAS 
staining. 



IIF examinations in patients with PCX are negative 
[1189]. DIF usually reveals C3 depositis around the 
upper dermal blood vessels plexus and/or at the DEJ 
[1188,1190]. Sometimes, linear deposits of IgG and/or 
IgA may be seen at the DEJ. These results may lead to 
a false diagnosis of subepidermal autoimmune blis- 
tering disease, therefore, they must be interpreted in 
correlation with the clinical picture and porphyrin 
laboratory tests. If the latter is postive and the clinical 
picture is consistent with PCX, the resuts of the DIF 
should be considered as non-specific and not as a co- 
existence of PCX and a subepidermal autoimmune 
blistering disease. 

The diagnostic criteria of PCX are shown in 
Table 57. 



Epidermis 



Subepidermal 

blister 



Blood 

vessels 




Fig. 296. Mapping of a blister from a patient with PCT using antibodies against type IV collagen. The lamina densa (arrow) is 
present at the blister floor indicating that the blister is in the lamina lucida 
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Fig.297. Histopathology of a blistering lesion of PCT showing a subepidermal blister and actinic elastosis 
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Fig. 298. Histopathology of PCT. A subepidermal blister and actinic elastosis can be seen. The blister contains fibrin and inflam- 
matory cells.The epidermis is flattened and partially necrotic. In the upper dermis there is scant infiltration of lymphocytes 
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Tables?. Diagnostic criteria of PCT 
Histology 

■ Subepidermal blister 

■ In the dermis: 

- Sparse perivascular and interstitial infiltrate 
of lymphocytes 

- Usually actinic elastosis and blood vessels with 
thickened walls 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
Laboratory tests 

■ Elevated total porphyrin levels in urine 

■ Isocoproporphyrin is demonstrable in faeces 



Histopathological Findings 

Blisters of pseudoporphyria are histopathologically 
not to differentiate from that of PCT [899] (Fig. 300). 
In addition, as in those of PCT they are located in 
the lamina lucida (Fig. 300). IIF and DIF results of 
pseudoporphyria are similar to those of PCT [1191]. 

Table 58 shows the diagnostic criteria of pseudo- 
porphyria. 



Pseudoporphyria 

Pseudoporphyria is a photodistributed bullous dis- 
order with clinical and histopathological features 
similar to those of PCT but with normal UROD activ- 
ity [1175, 1191]. Pseudoporphyria was first described 
by Gilchrest [1192] and Korting [1193] in 1975. It may 
occur in patients undergoing haemodialysis for 
chronic renal insufficiency (dialysis-induced pseudo- 
porphyria) or in those taking drugs such as naprox- 
en, furosomide, nalidixic acid and tetracycline (drug- 
induced pseudoporphyria) [1175, 1191]. Pseudopor- 
phyria has also been attributed to PUVA therapy, ex- 
cessive sun exposure and tanning bed use (UV-A-in- 
duced pseudoporphyria) [1191]. In dialysis-induced 
pseudoporphyria, porphyrins are not completely re- 
moved during haemodialysis (due to their binding to 
lipoproteins and proteins) and the serum porphyrins 
concentration increases by 3 to 6-fold [1175]. As in 
PCT, uroporphyrin and heptacarboxyporphyrin are 
the main metabolites in the serum. However, UROD 
activity is normal and isocoproporphyrin is not 
demonstrable in faeces [1175]. In drug-induced and 
UV-A-induced pseudoporphyrias, UROD activity 
and porphyrin levels are normal [1175, 1191]. As in 
PCT, patients with pseudoporphyria clincally 
demonstrate skin fragility, blisters formation and hy- 
pertrichosis. The blisters are distributed most fre- 
quently on the dorsal hand, but other photodistrib- 
uted areas may be involved (Fig. 299). They heal with 
atrophic scarring and milia. 



Table 58. Diagnostic criteria of pseudoporphyria 

Histology 

■ Subepidermal blister 

■ In the dermis: 

- Sparse perivascular and interstitial infiltrate 
of lymphocytes 

- Usually actinic elastosis and blood vessels with 
thickened walls 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
Laboratory tests 

■ Dialysis-induced pseudoporphyria: 

Elevated serum porphyrins concentration, 
normal UROD activity 

■ Drug-induced and UV-A-induced pseudo- 
porphyrias: 

Normal UROD activity and serum porphyrins 
concentration 
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Fig. 299. A patient with pseudoporphyria showing tense clear blisters, crusts and atrophic scars on the backs of the hands 
and feet 
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Bullosis diabeticorum 

Cutaneous manifestations of diabetes mellitus (DM) 
occur in about 30% of diabetic patients [1194]. One of 
these manifestations is blister formation which was 
first observed by Kramer in 1930 [1195] and designat- 
ed as bullosis diabeticorum (BD) by Cantwell and 
Martz in 1967 [1196]. 

BD usually affects patients with long-standing DM, 
however, it has been reported in newly diagnosed cas- 
es [1195-1203]. BD occurs in both genders, with slight 
predominance in males. The age of the affected pa- 
tients varied from 17-79 years. Clinically there is an 
abrupt and spontaneous appearance of painless blis- 
ters which are several millimetres to many centime- 
tres in size. These are mainly located on the feet and 
lower legs but occasionally also on the hands and fore- 
arms. There is no history of preceding trauma and the 
blisters that occur on normal skin, are clear and ster- 
ile. They heal spontaneously in 2-5 weeks without 
scarring unless they become secondarily infected. Re- 
currence may occur. The pathogenesis of BD is still 
not clear. However, many theories such as a combina- 
tion of micro angiopathy and trauma, a combination 
of increased venous pressure and micro angiopathy or 
local metabolic disturbances have been suggested. 

Figure 301 shows a diabetic patient with BD. Table 
59 lists the cutaneous manifestations of diabetes mel- 
litus [1194]. 

Histopathological Findings 

BD is characterised histopathologically by formation 
of a subepidermal blister which may contain fibrin 
and few infiammatory cells [1198, 1199, 1203] (Fig. 
302). The epidermis forming the blister roof is usual- 
ly necrotic. In the dermis, there is sparse superficial 
perivascular and interstitial infiltrate of lympho- 
cytes. The blood vessels may have thickened walls. 

DIF and IIF examinations in BD are negative [1198, 
1199, 1200, 1203]. The BD blister is located in the lam- 
ina lucida region [1199, 1203] (Fig. 302). 

The diagnostic criteria of BD are shown in Table 60. 



^ Fig. 300. Histopathology of pseudoporphyria. A subepidermal 
blister, intact dermal papillae and scant infiltrate of lympho- 
cytes can be seen. Mapping of the blister using antibodies 
against type IV collagen showed it to be in the lamina lucida 
region. Arrow indicates the laminait densa 



Table 59. Cutaneous manifestations of diabetes mellitus 
[1194] 

1. Necrobiosis lipoidica 

2. Acanthosis nigricans 

3. Diabetic dermopathy 

4. Sclerederma adultorum Buschke 

5. Bullosis diabeticorum 

6. Eruptive xanthomas 

7. Aquired perforating dermatosis 

8. Candida infection 

9. Bacterial infection 

10. Diabetic foot 

Table 60. Diagnostic criteria of bullosis diabeticorum 
Histology 

■ Subepidermal blister with sparse perivascular 
and interstitial infiltrate of lymphocytes 

Blister mapping using antibodies against type IV 
collagen 

■ Intralamina lucida blister 
DIF and IIF examinations 

■ negative 
Laboratory tests 

■ Diabetes mellitus 




Fig. 301 . Bullosis diabeticorum. Voluminous blister on the left 
knee of a patient with diabetes mellitus 
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Fig.302. Histopathology of bullosis diabeticorum showing a subepidermal blister and scant lymphocytic infiltrate. Blister map- 
ping with antibodies against type IV collagen demonstrates the presence of the blister in the lamina lucida region. Arrows indi- 
cate the lamina densa 
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Coma blisters 

Coma blisters are blisters which develop in comatose 
patients [1204]. They were first described in 1812 by 
Larrey in soldiers of Napoleon’s army who were ex- 
posed to carbon monoxide [1205]. 

Currently, however, they are associated most fre- 
quently with drug-induced coma from drug overdose 
(usually barbiturates but also other drugs like opi- 
oids, benzodiazepines and tricyclic antidepressents) 
[1206,1207]. 

Coma blisters have also been reported in pati- 
ents with non-drug-induced coma resulting for ex- 
ample from head trauma, central nervous system 
disorders, viral encephalitis, cerebrovascular acci- 
dents, hypoglycemia or diabetic ketoacidosis [1206, 
1207]. 

Coma blisters are tense, usually clear and occur at 
sites subjected to pressure such as the hands, wrists, 
scapulae, sacrum, knees, legs, ankles and the heels 
[1206-1208]. They appear on normal or erythema- 
tous skin often in a linear distribution and may reach 
a huge size. Coma blisters form within hours to days 
of the onset of the coma. If the patient survives they 
heal spontaneously but slowly in 10-14 days. The ae- 
tiology of coma blisters is not clear, however, the 
combined effect of hypoxia and pressure is currently 
the most accepted explanation [1207]. 



Histopathological Findings 

Coma blisters are characterised histopathologically 
by formation of subepidermal blisters and necrosis 
of the eccrine sweat glands and ducts [365, 1208, 
1209] (Fig. 303). Necrosis of pilosebaceous units may 
also be present. 

The epidermis forming the roof of the blister may 
be well preserved (Fig. 303) or necrotic or may show 
spongiosis and intraepidermal vesicles. In the der- 
mis, there is sparse perivascular and interstitial infil- 
trate of lymphocytes and neutrophils (Fig. 303). 
Necrosis of the eccrine sweat unit which was first ob- 
served by Adebahr in 1963 [1210] is the hallmark for 
the diagnosis of coma blisters. 

Coma blister is located within the lamina lucida 
region (Fig. 304). 

The diagnostic criteria of coma blisters are shown 
in Table 61. 

Table 61 . Diagnostic criteria of coma blisters 
Clinically 

Blisters at pressure sites in comatose patients 
Histopathologically 

1. Subepidermal blisters 

2. Necrosis of the eccrine sweat unit and sometimes 
also pilosebaceous apparatus 
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Fig.303. Histopathology of a coma blister. A subepidermal 
blister, necrosis of sweat glands and ducts as well as lympho- 
cytic infiltrate with numerous neutrophils can be seen 
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Fig. 304. Mapping of a coma blister us- 
ing antibodies against type IV collagen. 
The lamina densa (arrows) is located at 
the blister floor indicating that the blis- 
ter is in the lamina lucida region 
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Diseases Occasionally 
or Frequently Associated 
with Blister Formation 



This chapter deals with diseases which are occassion- 
ally or frequently associated with blister formation. 
These diseases (in alphabetical order) include the fol- 
lowing: 

1. Amyloidosis 

2. Contact dermatitis 

3. Drug eruptions 

4. Erysipelas 

5. Erythema multiforme 

6. Graft-versus-host disease 

7. Insect bites 

8. Leucocytoclastic vasculitis 

9. Lichen planus 

10. Lichen sclerosus 

11. Mastocytosis 

12. Mycosis fungoides 

13. Polymorphous light eruption 

14. Solar dermatitis 



M. Megahed, Histopathology of Blistering Diseases 
© Springer -Verlag Berlin Heidelberg 2004 
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Amyloidosis 

Amyloidosis is a heterogenous group of protein fold- 
ing disorders in which extracellular deposits of amy- 
loid proteins is the hallmark [1211, 1212]. The word 
amyloid was first introduced in 1838 by Mathias 
Schleiden [1213], a German botanist, to describe the 
cellulose-like substances of plants. The term amyloid 
was introduced in medicine by Rudolf Virchow who 
used it for abnormal extracellular material that is 
seen in the liver during autopsy [1214]. The term amy- 
loid comes from the Greek word amylum and means 
starch [1215]. 

All amyloid proteins have a ( 3 -pleated sheet sec- 
ondary structure [1215] that appears by electron mi- 
croscopy as non-branching linear fibrils of indefinite 
length with an approximate diameter of 10-22 nm 
[1216] (Fig. 305) Histologically amyloid proteins 
share certain properties [1035] which are shown in 
Table 62. Each amyloid protein consists of two com- 
ponents [1212]. The first is the fibril protein which 
forms the major part of the amyloid protein (-90%). 
Hitherto about 20 different amyloid fibril proteins 
have been identified [1217]. Fibril proteins are used to 
classify the form of amyloidosis where the amyloido- 
sis is referred to with capital A followed by an abbre- 
viation for the fibril protein (e.g., AL means light 
chain amyloidosis, where L denotes the fibril protein 
which is in this case an immunogloblin light chain). 
The second component of amyloid protein is non fib- 
rillary and consists mainly of the pentagonal (P) 
component and to a lesser extent other proteins such 
as heparan sulphate proteoglycan [1212]. P compo- 
nent forms about 5% of the total amyloid protein and 
is derived from the circulating serum amyloid P com- 
ponent which is present in each person and functions 
as an acute phase reactant [1212]. High resolution elec- 
tron microscopic studies showed that the P compo- 
nent forms the core of the amyloid fibril while the fibril 
protein forms the outermost surface [1212] (Fig. 306). 

Amyloidosis is now classified depending on the 
type of the fibril protein present in the amyloid de- 
posit. Since about twenty different fibril proteins have 
been recognised, there are about 20 different types of 
amyloidosis [1218]. Amyloidosis may be hereditary or 
acquired, localised or systemic [1218, 1219]. The discus- 
sion of all types of amyloidosis is beyond the scope of 
this book. Blistering eruptions in patients with amyloi- 
dosis are rare and only few cases have been reported 
[1220-1237] . All had AL amyloidosis, which shall there- 
fore be focused on here. 




Fig.305. Ultrastructure of amyloid. Non-branching linear fib- 
rils with an approximate diameter of 1 0-22 nm and of indefi- 
nite length (By courtesy of CD. Gerharz, Institute of Pathology, 
Bethesda Hospital Duisburg, Germany) 
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Fig. 306. Structure of amyloid fibril as suggested by high reso- 
lution electron microscopic studies. Modified from reference 
1212 



Table 62. Histological properties of amyloid proteins 

1 . Homogenous amorphous eosinophilic 
appearance by light microscopy after H&E staining 

2. Homogenous amorphous orange red appearance 
by light microscopy after staining with Congo red 

3. Green birefringence in polarised light after staining 
with Congo red 
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AL amyloidosis 

AL amyloidosis (previously called primary systemic 
amyloidosis or myeloma associated amyloidosis) is a 
systemic amyloidosis in which Ig light (L) chains or L 
chain fragments form the fibril protein of the amy- 
loid deposits [1219, 1238-1241]. It affects mainly elder- 
ly people and represents the most common type of 
amyloidosis. It may occur with multiple myeloma, 
monoclonal gammopathy or without identifiable 
plasma cell dyscrasia. The amyloid deposits may af- 
fect any organ system, although, the heart, kidneys, 
peripheral nerves and gastrointestinal tract are most 
often involved. Macroglossia and skin involvment 
were reported in 9% and 25% of the patients, respec- 
tively. Purpura and ecchymoses represent the most 
common cutaneous lesions and particularly occur 
in the face (especially around the mouth and the 
eyes) and fiexural areas. Asymptomatic papules, 
plaques and sometimes nodules with a waxy haemor- 
rhagic appearance occur less commonly and are usu- 
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ally present in the face, oral cavity and fiexural areas. 
Scleroderma-like thickening of the skin, alopecia and 
nail dystrophy are also observed but less frequently. 
Blisters may develop on skin lesions and they are 
tense and usually haemorrhagic [1220-1237] (Fig. 

307). 

Histopathological Findings 

Bullous amyloidosis is characterised histopathologi- 
cally by formation of a subepidermal blister which 
usually contains erythrocytes [1220-1237] (Fig. 308). 
The upper dermis is oedematous and erythrocytes 
extravasation and teleangiectasia are present. There 
is also meager to mild infiltrate of lymphocytes and 
plasma cells. The diagnosis can be confirmed by re- 
vealing the amyloid deposits with for example Congo 
red staining (Fig. 309). 

The blister in bullous amyloidosis is located be- 
neath the lamina densa (Fig. 310). 




Fig. 307. Bullous amyloidosis. Haemorrhagic lesions with blister formation in addition to waxy papules and plaques can be seen 
on the breast and upper abdomen of a 75-year-old patient with AL amyloidosis due to multiple myeloma 
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Fig. 308. Histopathology of bullous amyloidosis. A subepidermal blister which contains fibrin and erythrocytes can be seen. The 
dermis is oedematous and the blood vessels are teleangiectatic.The diagnosis is confirmed by staining with Congo red which 
revealed amyloid deposition as shown in Fig. 309 
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Fig. 309. Bullous amyloidosis. Congo red staining revealing amyloid deposition in the dermis and also in the blister (arrows). 



Epidermis 



Amyloid 



Subepidermal 

blister 



Blood 

vessels 




Fig.310. Bullous amyloidosis. Blister mapping using antibodies against type IV collagen. The lamina densa (arrow) is situated at 
the blister roof indicating that the blister is located in the dermis below the lamina densa 
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Contact dermatitis 

Contact dermatitis is an inflammatory reaction of the 
skin resulting from contact with exogenous agent(s). 
There are two types of contact dermatitis, irritant 
and allergic. In severe cases of both types blisters can 
develop. 



Allergic contact dermatitis 

Allergic contact dermatitis (ACD) is a T-cell mediat- 
ed type IV delayed hypersensitivity reaction of 
the skin consequent to contact with exogenous aller- 
gen(s) [1242]. Allergens (also called haptens) are 
small molecular weight substances (< 500 Daltons) 
which on penetrating the epidermis bind to its pro- 
teins and form antigens [1243]. The development of 
ACD consists of two phases, the sensitisation phase 
and the elicitation phase [1244]. The sensitisation 
phase occurs at the first contact with the allergen and 
takes about 8-15 days. In this phase the allergen pen- 
etrates the epidermis and binds to its proteins form- 
ing an antigen. Langerhans cells in the epidermis 
recognise this antigen and present it to T lympho- 
cytes in regional lymph nodes and as a result T-cell 



proliferation takes place in the paracortical regions 
of the lymph nodes with the production of antigen 
specific effector T cells which then leave the lymph 
node and enter the circulation. The elicitation phase 
occurs on re-exposure to the allergen where the anti- 
gen specific T cells expand and invade the dermis re- 
sulting in release of many mediators of inflammation 
which trigger the clinical manifestations of ACD 
[1242, 1244]. These manifestations usually develop 
within 24 to 96 hrs of re-exposure to the allergen 
[1245]. Numerous contact allergens have been report- 
ed. Among the commonest are nickel, [1246, 1247] 
chromate, [1248] formaldehyde, [1249] ethylenedi- 
amine, [1250] mercaptobenzothiazole thiurams [1251] 
and paraphenylenediamine [1252]. ACD can occur at 
any age but it is most common during adulthood. It is 
rare in children less than 5 years old and exceptional- 
ly in those younger than 1 year old [1253, 1254]. Le- 
sions of ACD are usually intensely pruritic and pres- 
ent in areas of the skin that are in contact with the 
causative allergen. However, they may extend to the 
close or to distant sites [1255]. In the acute phase of 
ACD they are oedematous erythematous macules or 
patches that progress rapidly into papules or plaques 
and then into tense vesicles. Bullae may form in se- 
vere cases. Oozing occurs consequent to rupture of 
the vesicles or the bullae followed by crusting. On 




Fig.311. Allergic contact dermatitis with 
blisters formation in a 74-year-old woman 
with colon carcinoma. Patch testing 
showed positive reaction to the stroma 
plastic bag.The plastic bag contacted the 
affected area of the thigh when the pa- 
tient bends over 
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avoiding contact with the causative allergen, the le- 
sions regress, either spontaneously or under treat- 
ment. If contact with the causative allergen persists, 
the affected skin area becomes lichenified, fissured 
and pigmented and the disease reaches the chronic 
stage [1245, 1255]. Patch testing of suspected sub- 
stances is a useful tool to determine the causative al- 
lergen(s) [1256, 1257] . Whether ACD is lifelong or lasts 
for only a few years is still not exactly known [1258]. 
Figure 311 shows an example of ACD with blister for- 
mation. 



Photoallergic contact dermatitis 

Photoallergic contact dermatitis is analogous to ACD 
and represents a T-cell mediated type IV delayed hy- 
persensitivity reaction of the skin following simulta- 
neous exposure to UV-light and contact with topical 
photoallergen(s). Topical photoallergen is a sub- 
stance which, when applied to an area of skin which 
is simultaneously exposed to UV-light, is capable of 
producing an immune response resulting in photoal- 
lergic contact dermatitis [1259, 1260]. Similar to ACD, 
photoallergic contact dermatitis consists of two 
phases, the sensitisation phase and the elicitation 
phase. In the sensitisation phase the topical photoal- 
lergen will be activated on exposure to UV-A (some- 
times also UV-B) and binds to epidermal protein 
forming an antigen which will result in immunologi- 
cal consequences similar to that in ACD [1259, 1261, 
1262]. On simultaneous re-exposure to the UV-light 
and the topical photoallergen, the elicitation phase 
occurs with immunological events similar to those of 
ACD and the clinical manifestations of photoallergic 
contact dermatitis develop, usually within 24 to 48 
hrs. The clinical picture is similar to that of ACD, but 
the lesions are confined to light exposed areas such as 
the face, V of the neck, extensor surfaces of the arms 
and back of the hands. Sometimes they may spread 
beyond irradiated areas. As in ACD, blisters may form 
in severe cases (Fig. 312) [1259, 1261, 1262] . Several top- 
ical photo allergens have been reported. Fenticlor, 
tetrachloro-salicylanilide, [1263] bithionol (antimi- 
crobial substances), [1264] 2-hydroxy-4-methoxyben- 
zo phenone, 4-isopropyldibenzoyl-methane, p- 
methoxy-isoamylcinnamate (sunscreen agents), 
[1265] musk ambrette [1266] and fragrance mix [1267] 
belong to the most frequent topical photo allergens. 

Photopatch testing helps to identify the causative 
photoallergen and avoid it [1268]. Photoallergic con- 
tact dermatitis was reported to be lifelong [1269]. 
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Fig.312. Bullous photoallergic contact dermatitis 



Histopathological Findings 

The histopathological findings in allergic and pho- 
toallergic contact dermatitis with blister formation 
are similar and indistinguishable. There is marked 
spongiosis which results in formation of intraepider- 
mal spongiotic vesicles which may contain serum, 
remnants of keratinocytes, lymphocytes and 
eosinophils (Fig. 313). Rarely, neutrophils are present. 
The vesicles may be separated from each other by 
remnants of keratinocytes giving the histologic pic- 
ture of reticular degeneration of the epidermis (Fig. 
314) The epidermis may be acanthotic and the stra- 
tum corneum may be basket- weave or lamillated. 
Parakeratosis may be present and there is usually ex- 
ocytosis of lymphocytes and/or eosinophils. The up- 
per dermis usually shows dilated venules and oede- 
ma. There is also perivascular and interstitial lym- 
phocytic infiltrate which often contains eosinophils 
(Figs. 313, 314). The infiltrate may be superficial or su- 
perficial and deep. The vesicles may become large 








284 



Diseases Occasionally or Frequently Associated 



Chapter 5 

and burst resulting in formation of subepidermal 
blisters. 

Similar histopathological changes may be seen in 
other diseases such as nummular dermatitis. The his- 
tology alone is therefore not enough to diagnose ACD 



or photoallergic contact dermatitis. Correlation of 
the histology with the patient’s history, the clinical 
picture and results of patch or photopatch tests are 
necessary to make a correct diagnosis. 
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Fig.31 3. Histopathology of bullous allergic contact dermatitis. In this example the intraepidermal spongiotic vesicles are sepa- 
rated from each other by thin septa of epidermis remnants giving a picture of reticular degeneration of the epidermis 
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Fig. 31 4. Histopathology of bullous photoallergic contact dermatitis.The epidermis is acanthotic and marked spongiosis with 
formation of intraepidermal spongiotic vesicles can be seen.These contain lymphocytes, eosinophils and rests of keratinocytes. 
In the dermis oedema, perivascular and interstitial infiltrate of lymphocytes, and many eosinophils can be seen 
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Irritant contact dermatitis 

Irritant contact dermatitis (ICD) is a nonspecific in- 
fiammatory reaction of the skin due to contact with 
irritant(s). An irritant is defined as any substance that 
is capable of producing cell damage if applied for suf- 
ficient time and in ample concentration to the skin 
[1270]. ICD may be acute or chronic (cumulative). 
Acute ICD results from contact with strong irritant(s) 
with rapid development (minutes to a few hours) of 
oedematous erythema. The lesions are well demar- 
cated and confined to the site of contact. Pain and 
burning are the primary complaints. In severe cases 
bullae may form (Fig. 315) [1270, 1271] . Acute ICD may 
affect any person and is often accidental. After stop- 
ping further contact with the causative irritant, the 
lesions usually heal either spontaneously or after 
treatment [1271]. Acids and alkali are common 
causative irritants of acute ICD [1270]. Chronic or cu- 
mulative ICD develops slowly (months to years) and 
results from repeated exposures to mild irritants 
when the recovery time between them is not suffi- 
cient. It represents the most common type of contact 
dermatitis and affects usually the palms of hands 
[1271]. Detergents, water, solvents, and disinfectants 
are the common causative irritants of chronic ICD 
[1270, 1273]. Chronic ICD affects mostly housewives 
and persons in occupations that necessitate repeated 
hand washing or repeated exposure to irritants e.g. 
food materials or disinfectants [1273-1275]. Patients 
with atopic dermatitis are more predisposed to devel- 
op chronic ICD [1276]. Clinically, chronic ICD resem- 
bles chronic ACD where there is hyperkeratosis, 
lichenification and fissuring. Patch testing is neces- 
sary to exclude the latter [1277]. 




Fig. 31 5. Acute irritant contact dermatitis with extensive blis- 
ter formation after accidental contact with a strong acid 
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Phototoxic contact dermatitis 

Phototoxic contact dermatitis is analogous to ICD 
and represents a nonspecific infiammatory reaction 
of the skin following simultaneous exposure to 
UV-light and contact with topical phototoxic sub- 
stance(s) [1259]. Topical phototoxic substances are 
substances that when applied to an area of skin (for 
sufficient time and in ample concentration) that is si- 
multaneously exposed to UV-light (in sufficient in- 
tensity) causes phototoxic contact dermatitis [1260, 
1278]. The clinical manifestations usually occur im- 
mediately on first exposure or within a few hours. In 
some cases they may appear, however, within 48-72 
hrs. They consist of well demarcated oedematous 
erythema which is confined to the exposed skin area 
and resembles exaggerated sunburn. In severe cases, 
blisters develop (Fig. 316). Pain and burning are the 
main symptoms. Healing is usually followed by hy- 
perpigmentation [1260, 1278]. Psoralens containing 
substances, coal tar derivatives and dyes (e.g., an- 
thraquinone, eosin and methylene blue) are common 
local phototoxic agents [1278, 1279]. 
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Phytophotodermatitis 

Phytophotodermatitis is a phototoxic contact der- 
matitis occurring in skin areas exposed to UV-light 
(usually UV-A) after contact with plants containing 
furanocoumarins (psoralens) [1280, 1282]. These 
plants include the families: Rutaceae (common lime, 
bergamot, gas plant), Umbelliferae {Ammi majuSy 
Heracleum sphondyliuniy celery, wild carrot, parsley, 
fennel, dill, parsnip), Moracea (figs) and Legumi- 
nosae (Bavchi, scurf pea) [1280-1283]. Clinically, 
there is sunburn-like erythema arranged in a linear 
and bizarre fashion and limited to areas of plant con- 
tact and sunlight exposure. Bullae often develop on 
top (Fig. 317). Healing usually leaves postinfiammato- 
ry hyperpigmentation which may persist for many 
months. The clinical manifestations appear 24-48 
hours after contact with the plant and exposure to 
sunlight [1280,1281]. 

Phototoxic contact dermatitis and phytophoto- 
dermatitis maybe dangerous if a large skin area is af- 
fected [1284]. 



Fig. 31 6. Phototoxic contact dermatitis af- 
ter application of a skin care containing 
evening primrose oil and exposure to UV- 
A in a tanning salon. Well demarcated 
oedematous erythema with formation of 
large tense clear bullae can be seen. Areas 
not exposed to light such as the slip re- 
gion are spared 
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Fig.317. Phytophotodermatitis after con- 
tact with a plant containing furanocou- 
marins and exposure to sunlight. Well de- 
marcated erythema with blister formation 
can be seen. The lesions are arranged in a 
linear and bizarre fashion 



Histopathological Findings 

The histopathological findings in bullous acute irri- 
tant dermatitis, bullous phototoxic contact dermati- 
tis and phytophotodermatitis are similar and not dis- 
tinguishable. There is marked ballooning of ker- 
atinocytes with formation of intraepidermal blisters 
(Fig. 318). There are necrotic keratinocytes individu- 
ally and/or en masse and neutrophils in the foci 
of the necrosis. The blisters may contain serum, 
remnants of keratinocytes, lymphocytes and neu- 
trophils. 



Spongiosis may be present and the stratum corne- 
um is basket-weave or lamillated. 

The upper dermis usually shows dilated venules 
and oedema, and there is superficial perivascular and 
interstitial lymphocytic infiltrate with neutrophils 
(Figs. 318, 319). In addition, there may be erythrocytes 
extravasation. Sub epidermal blisters may develop 
secondary to rupture of the intraepidermal ones (Fig. 
318 ) or due to extensive necrosis of the epidermis 
(Fig. 319). Sometimes both intraepidermal and 
sub epidermal blisters are simultaneously present in 
the same histopathologic section (Fig. 318). 
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Fig. 31 8. Histopathology of bullous acute irritant contact dermatitis. Marked ballooning of keratinocytes, intraepidermal and 
subepidermal blisters can be seen. The latter developed secondary to rupture of the former. In the upper dermis oedema and 
perivascular and interstitial infiltrate of lymphocytes and neutrophils are present. Similar changes can be seen in phytophoto- 
dermatitis and bullous acute phototoxic dermatitis 
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Fig. 31 9. Histopathology of phytophotodermatitis showing marked necrosis of the epidermis with formation of a subepidermal 
blister. In the upper dermis oedema and perivascular and interstitial infiltrate of lymphocytes and neutrophils are seen. Again, 
similar changes can be seen in bullous acute irritant contact dermatitis and bullous acute phototoxic dermatitis 
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Drug eruptions 

Drug eruptions are frequent adverse effects to med- 
ications and are clinically very diverse. Although they 
are usually mild, some may be serious and life-threat- 
ening and associated with systemic anaphylaxis or 
with extensive mucocutaneous exfoliation and multi- 
systemic involvement [1285]. 

The pathomechanism of drug eruptions is often 
unknown although many have an allergic or toxic 
basis [1286]. In allergic drug eruptions one of the 
four types of the immunologic reactions proposed by 
Coombs and Cell may be involved [1287, 1288]. Al- 
though drug eruptions can clinically simulate almost 
all inflammatory dermatoses, there are common 
morphological patterns such as morbiliform and 
maculopapular drug eruptions, lichenoid drug erup- 
tions, flxed drug eruption, acneiform eruptions, 
acute generalised exanthematous pustolosis as well 
as bullous drug eruptions [1289-1291]. 

Bullous drug eruptions are clinically very het- 
erogenous and range from harmless isolated blisters 
to dangerous life-threatening conditions such as TEN 
and SJS [1291]. Moreover some drugs can cause 
pseudoporphyria [1292, 1293] or autoimmune blister- 
ing diseases such as PV, [1294] PF, [1295] BP [1296] 
and LAD [1297]. Blisters may also develop on top of 
lesions of drug induced erythema multiforme [1298], 
on lesions of flxed drug eruptions [1299] or systemic 
drug induced photosensitivity [1291]. However, there 
is still a group of bullous drug eruptions which can 
not be ordered to one of the aforementioned disor- 
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ders. This group of bullous drug eruptions is not un- 
common and may be localised or generalised 
[1300-1303]. The localised form is characterised by 
the presence of one or a few large relatively tense blis- 
ters located usually on the feet or the hands (Fig. 320). 
Any skin area may however be affected. The blisters 
appear on normal skin but later on may be surround- 
ed by erythema. They are at first clear but may in time 
turn haemorrhagic. In the generalised form the blis- 
ters are disseminated (Fig. 321) and may resemble 
autoimmune sub epidermal blistering diseases such 
as BP or LAD [1301-1303]. 

Table 63 lists bullous disorders which may occur as 
side effects from drug administration. 



Table 63. Blistering disorders which may be caused by drugs 
[1291-1303] 

1 . Toxic epidermal necrolysis 

2. Stevens-Johnson syndrome 

3. Pseudoporphyria 

4. Bullous erythema multiforme 

5. Bullous systemic drug induced photosensitivity 
(photoallergicand phototoxic) 

6. Autoimmune blistering diseases such as PV, PF, BP 
and LAD 

7. Bullous fixed drug eruption 

8. Localised bullous drug eruption 

9. Generalised bullous drug eruption 







292 



Diseases Occasionally or Frequently Associated 



Chapter 5 




Fig.320. Localised bullous drug eruption on the back of the hands. Large clear tense blisters and erosions on normal or erythe- 
matous skin can be seen 




Fig.321 . Generalised bullous drug eruption. Erythematous plaques as well as clear blisters and erosions can be seen. By cour- 
tesy of J. Schaller, Department of Dermatology, St. Barbara Hospital, Duisburg, Germany 
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Fixed drug eruption 

Fixed drug eruption which was first described by 
Brocq in 1894 [1304], is a drug side effect in which the 
site of the eruption is fixed i.e., the lesion recurs at 
exactly the same site with each administration of 
the causative drug. Fixed drug eruption generally ap- 
pears within 24 hours of drug ingestion and may be 
solitary or multiple. They occur mostly on the hands, 
feet, penis and perianal areas, however any part of the 
skin or mucous membranes may be affected [1305, 
1306]. Clinically, there are well demarcated erythema- 
tous round or oval lesions of dusky purple or brown 
colour. The affected person may complain of itching 
or burning of the lesions. On stopping the adminis- 
tration of offending drug healing, usually with resid- 
ual hyperpigmentation, occurs in about 7-10 days. 
Occasionally blisters may develop on the top of fixed 
drug eruption lesions (Fig. 322) [1305-1308]. Some- 
times the bullous lesions are disseminated and in 
rare cases may simulate TEN [1309, 1310]. Drugs com- 
monly implicated in fixed drug eruption are barbitu- 
rates, carbamazepine, chlordiazepoxide, non- 
steroidal antiinfiammatory drugs, phenolphthalein, 
phenylbutazone, quinine, salicylates, tetracyclines 
and trimethoprim [1305,1311]. 




Fig.322. Bullous fixed drug eruption. A large clear tense blis- 
ter with gray roof can be seen on erythematous skin of the 
forefinger. The lesion recurs at the same site each time 
oxyphenbutazon is ingested 
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Systemic drug induced photosensitivity 

Systemic drug induced photosensitivity refers to skin 
changes which occur due to the combined effects of 
light and systemically administered drugs and may 
be phototoxic or photoallergic [28]. Phototoxic sys- 
temic drug induced photosensitivity manifests clini- 
cally as an exaggerated sunburn [1312-1314]. Occa- 
sionally, blisters may form and in very severe cases 
there may be epidermal detachments as in TEN 
[1315]. The lesions appear shortly after exposure to 
light and are limited to sun exposed areas. They result 
most probably from direct damage of the cells by re- 
active oxygen intermediates (such as oxygen singlet, 
superoxide anion, or hydrogen peroxide) which form 
as a consequence of the drug photoactivation. Most 
of the causative drugs are activated by UV-A and 
rarely by UV-B or visible light [1316, 1317] . Drugs com- 
monly involved in phototoxic systemic drug induced 
photosensitivity are amiodarone, quinolones, nons- 
teroidal antiinflammatory drugs, fluoroquinolones, 
tetracyclines and retinoids [1317,1290]. 

Photoallergic systemic drug induced photosensi- 
tivity, represents a T-cell mediated type IV delayed 
hypersensitivity reaction and manifests clinically as 
allergic contact dermatitis limited to sun exposed ar- 
eas [1316, 1317]. The lesions may, however, extend into 
covered areas in some cases. Blisters may form in se- 
vere cases. Similar to ACD, photoallergic systemic 
drug induced photosensitivity consists of two phas- 
es, the sensitisation phase and the elicitation phase. 
In the sensitisation phase the causative drug on expo- 
sure to light (mostly UV-A sometimes also UV-B or 
visible light) will possibly undergo structural 
changes and bind to epidermal proteins forming an 
antigen. This will elicit immunological reactions sim- 
ilar to those in ACD [1316, 1317, 1259]. On simultaneous 
reexposure to the UV-light and the drug, the elicita- 
tion phase occurs with immunological events similar 
to those of ACD and leads to development of clinical 
changes within 24-48 hrs [1278, 1316, 1317]. The com- 
mon culprit drugs include thiazides and benzocaine 
[1317]. Photopatch testing may help in identifying the 
causative drug [1268]. 

Phototoxic systemic drug induced photosensitivi- 
ty is more common than the photoallergic form 

[1317]. 



Histopathological Findings 

The histopathology and the diagnostic criteria of TEN, 
SJS, pseudoporphyria as well as autoimmune blistering 
diseases were discussed previously in CHAPTERS 3 
and 4. 

The histopathology of bullous erythema multi- 
forme is discussed on page 305. 

The histopathological flnding in bullous photoal- 
lergic systemic drug induced photosensitivity is sim- 
ilar and indistinguishable from that of bullous aller- 
gic and photoallergic contact dermatitis (see pages 
283-285 and Figures 313,314). 

In addition, bullous phototoxic systemic drug in- 
duced photosensitivity shows histopathological fea- 
tures that are similar to and not distinguishable from 
those of bullous acute irritant dermatitis, bullous 
phototoxic contact dermatitis and phytophotoder- 
matitis (see pages 288-290 and Figures 318,319). 

Localised and generalised bullous drug eruptions 
have similar histopathologies (Fig. 323). There is a 
sub epidermal blister which may contain flbrin, 
serum and inflammatory cells. In the upper dermis at 
the blister sides and base, there is a moderately dense 
infiltrate of lymphocytes and eosinophils which may 
be numerous. A similar picture can be seen in subepi- 
dermal autoimmune blistering diseases such as BP, 
LAD and inflammatory EBA. However, in bullous 
drug eruptions, DIF and HE are negative. 

Fixed drug eruption is characterised histopatholog- 
ically by vacuolar degeneration of the BM zone, lym- 
phocytes along the DEJ, and necrotic keratinocytes in 
the basal and spinous layers of the epidermis (Fig. 
324A). Spongiosis and keratinocytes ballooning also 
occur. In the dermis there is superficial or a superficial 
and deep moderately dense perivascular and intersti- 
tial lymphocytic infiltrate with eosinophils and neu- 
trophils. Papillary oedema is usually present. 

In bullous fixed drug eruption, blisters also form 
(Fig. 324B). These maybe intraepidermal (as a conse- 
quence of marked spongiosis and keratinocytes bal- 
looning) or subepidermal (secondary to marked vac- 
uolar degeneration of the BM zone and/or rupture of 
an intraepidermal blister). Sometimes, intraepider- 
mal and subepidermal blisters are present concomi- 
tantly in the same section. 

DIF and IIF examinations in bullous fixed drug 
eruption are negative. 

The subepidermal blister in localised and gener- 
alised bullous drug eruptions in addition to bullous 
fixed drug eruption is present in the lamina lucida re- 
gion as shown in Figure 325. 
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Fig.323. Histopathology of bullous drug eruption. A subepidermal blister which contains fibrin, lymphocytes and eosinophils 
can be seen. At the sides and base of the blister and also in the mid dermis, there is lymphocytic infiltrate with many eosinophils 
and few neutrophils.The histopathologic changes displayed here are not to distinguish from that of subepidermal autoimmune 
bullous diseases. Distinction is only possible by further examinations such as immunoflurescence and immunoblotting 
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Fig. 324. Histopathology of fixed drug eruption showing vacuolar degeneration of the BM zone with lymphocytes, neutrophils, 
eosinophils and necrotic keratinocytes present along it A. In the dermis there is perivascular and interstitial lymphocytic infil- 
trate with neutrophils and eosinophils. B shows the histopathology of a bullous fixed drug reaction. There is a subepidermal 
blister formed secondary to extensive vacuolar degeneration of the BM zone and rupture of the ballooned keratinocytes. In the 
dermis a lymphocytic infiltrate with neutrophils and eosinophils can be seen 
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A 





Fig. 325. Blister mapping using antibodies against type IV col- 
lagen. The blister in localised or generalised bullous drug 
eruption A and also In bullous fixed drug eruption B is present 
in the lamina lucida region. Arrows mark the lamina densa 
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Erysipelas 

Erysipelas is an acute superficial bacterial infection 
of the skin caused in the majority of the cases (8o%) 
by group A streptococci and less frequently group G 
streptococci [1318, 1319]. Rarely, however, groups B 
and C streptococci, [1320, 1321] Staphylococcus au- 
reus, [1322] Streptococcus pneumoniae, [1323] Haemo- 
philus influenzae [1324], and Yersinia enterocolitica 
[1325] may be the cause. Erysipelas has been traced 
back to the Middle Ages where it was referred to as 
„St Anthony’s Fire,“ named after an Egyptian healer 
who was known for successfully treating the infec- 
tion [1326]. Any age and either gender may be affect- 
ed. The disease, however, occurs mainly in old per- 
sons with a peak age of 60 to 80 years [1327]. Lower 
extremities are the preferred site for erysipelas fol- 
lowed by the face, upper extremities, trunk and exter- 
nal genitalia. The incubation time is a few hours to a 
few days and the initial event in developing the dis- 
ease is the entry of the bacteria into the skin (usually 
through minor injuries, rhagades, erosions or ulcers) 
[1318, 1327]. The patient’s nasopharynx was found in 
many cases to be the source of the causative bacteria 
[1328]. Clinically, there is abrupt development of 
sharply demarcated, fiery red, tender, o edematous 
plaques which have the tendency to spread peripher- 
ally forming pseudopods. There may be red streaks of 
lymphangitis and tender regional lymphadenopathy. 
The patient often feels ill with fever, nausea, malaise 
and chills. Laboratory examinations usually show a 
high erythrocyte sedimentation rate and leucocyto- 
sis [1318, 1329]. Many conditions predispose to the de- 
velopment of erysipelas. These include the following: 
diabetes mellitus, peripheral vascular disease, 
nephrotic syndrome, lymphoedema, immunodefi- 
ciency, immunosuppression, alcohol abuse, obesity 
and dermatological diseases (such as tinea pedis, sta- 
sis ulcerations, psorasis plantaris, eczema of the feet) 
[1319, 1327,1329-1331]. 

Erysipelas usually resolves after adequate antibi- 
otic therapy without sequelae. However, local recur- 
rence has been reported in up to 20% of patients with 
predisposing conditions [1331]. Complications such 
as acute glomerulonephritis, endocarditis and septi- 
caemia are rare and reported in less than 1% of cases 

[1327]. 
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Local complications may also occur. In a study 
comprising 766 patients with erysipelas, these com- 
plications were observed in about 25% of the cases 
and included development of bullous, haemorrhagic, 
necrotic and purulent lesions [1332]. 

Bullous erysipelas therefore represents a local 
complication (formation of blisters) in the course of 
an erysipelas. Risk factors that particularly predis- 
pose to bullous erysipelas are preexisting hepatic and 
renal diseases in addition to diabetes mellitus [1332, 
1333]. It occurs in about 5. 2-9.5% of erysipelas cases 
and was reported to have a more protracted course 
and requiring longer medication [1333]. The blisters 
in bullous erysipelas are usually flaccid but tense blis- 
ters have also been seen (Fig.326). Blister fluid cul- 
tures are usually sterile or grow local contaminating 
bacteria [1333]- 

Histopathological Findings 

Bullous erysipelas is characterised histopathological- 
ly by formation of subepidermal or intraepidermal 
blisters or a combination of both. The subepidermal 
blisters form usually consequent to the massive oede- 
ma of the papillary dermis and often contain flbrin 
and erythrocytes (Figs. 327, 328). They may also result 
from rupture of the intraepitermal blisters. The in- 
traepidermal blister occurs most probably secondary 
to ballooning of the keratinocytes. Sometimes, in- 
traepidermal and subepidermal blisters occur to- 
gether in the same histopathologic section (Fig. 329). 
The dermal changes in bullous erysipelas are similar 
to those of classical erysipelas and include: marked 
papillary oedema, extravasated erythrocytes, dilated 
blood vessels in addition to perivascular and intersti- 
tial superflcial lymphocytic infiltrate with many neu- 
trophils (Figs. 327-329). Eosinophils may be episodi- 
cally present. Sometimes, the infiltrate extends into 
the deep dermis. The subepidermal blister of bullous 
erysipelas is present below the lamina densa if it is 
formed as a consequence of massive papillary oede- 
ma and in the lamina lucida region if it occurs sec- 
ondary to rupture of the intraepidermal blister (Fig. 
330). 




Fig.326. Bullous erysipelas. Sharp demarcated oedematous 
erythematous plaque topped by clear and haemorrhagic 
(flaccid and tense) blisters on the leg of a 58-year-old woman 
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Fig. 327. Bullous erysipelas.Subepidermal blisters which developed secondary to the severe oedema in the papillary dermis can 
be seen. Superficial, perivascular and interstitial lymphocytic infiltrate can be also seen with many neutrophils, dilated blood 
vessels and extravasated erythrocytes 







300 



Diseases Occasionally or Frequently Associated 



Chapter 5 



Subepidermal 

blister 



Fibrin 



Erythrocytes 



Oedema in 
in the 
papillary 
dermis 



Superficial 
perivascular 
and interstitial 
lymphocytic 
infiltrate with 
many 
neutrophils 




Fig.328. Another example of bullous erysipelas showing a subepidermal blister which contains fibrin and erythrocytes. In the 
upper dermis there is severe oedema, extravasated erythrocytes, dilated blood vessels in addition to perivascular and intersti- 
tial lymphocytic infiltrate with many neutrophils 
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Fig.329. Bullous erysipelas. In this example there are concomitant subepidermal and intraepidermal blisters.The intraepider- 
mal blisters developed secondary to ballooning of keratinocytes. The subepidermal blisters resulted from the severe papillary 
oedema and perhaps also secondary to rupture of intraepidermal blisters 
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Fig.330. Bullous erysipelas. Blister 
mapping using antibodies against 
type IV collagen. The blister is locat- 
ed below the lamina densa if it re- 
sults from massive papillary oede- 
ma A. If it occurs secondary to 
rupture of intraepidermal blisters, it 
is present in the lamina densa re- 
gion B. Lamina densa is marked by 
arrows 
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Erythema multiforme 

Erythema multiforme (EM) is an acute inflammatory 
reaction of the skin and/or mucous membranes [446, 
1334, 1335-1338]. 

It was first described in i860 by Ferdinand von He- 
bra [1168]. In 1922 Stevens and Johnson [1166] de- 
scribed two boys with febrile erosive stomatitis, se- 
vere conjunctivitis, and disseminated cutaneous EM- 
like eruption. This disease became known as Stevens- 
Johnson syndrome (SJS). In 1950, Thomas considered 
SJS, as a form of EM and called it EM major [1167]. 
For EM reported by Hebra, he used the term EM 
minor. Recent studies have shown that SJS and ery- 
thema multiforme are two distinct disorders [1169, 
1170] where SJS is a milder form of TEN with epider- 
mal necrosis affecting less than 10% of the body’s 
surface area [1155, 1171]. Unfortunately, in the litera- 
ture the terminology of SJS and EM major is com- 
monly used synonymously causing much confusion 
[1169]. 

The exact incidence of EM is not known, but it is a 
relatively common disease which is reported world- 
wide [1334, 1335]. EM may occur at any time of the 
year but it is more frequent in spring and autumn 
[446]. The disease affects males and females equally 
and [1334, 1336] may occur at any age with a mean 
around 25-30 years [1334] . It is rare under the age of 3 
years and over the age of 50 years [1335]. 

The pathophysiology of EM is still unkown. Many 
precipitating factors have been reported [446, 1334, 
1335> 1336-1338]. These are listed in Table 64. In many 
cases of EM no precipitating factor has, however, 
been identified. Recent studies have shown that most 
cases of EM (particularly when there is recurrence) 
are associated with herpes simplex virus (HSV) in- 
fection and about 71% of the patients experience 
HSV infection in the three weeks preceding the EM 
episode [1338]. Studies using polymerase chain reac- 
tion have detected HSV DNA in about 60% of EM le- 
sions [1339, 1340]. A high association of recurrent EM 
and HLA types B35, B62 (B15), DR4, DQBi^030i, DQ3, 
DR53 has been reported [1341-1343]. 

EM can present with a variety of clinical patterns 
[446, 1334, 1335, 1336-1338]. Typically, the lesions are 
symmetrical and may occur on any part of the body 
with a predilection for palms and soles, back of the 
hands and feet and extensor aspects of the arms and 
legs. As the disease progresses, the trunk and face 
may also be affected. The lesions arise abruptly, ap- 
pear in crops and consist of erythematous macules 
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and papules where some of them develop into the 
pathognomonic target lesions. The target lesion ap- 
pears as a dusky, reddish, central area surrounded by 
a pale oedematous ring, which is in turn surrounded 
by a peripheral rim of erythema. In up to 60% of EM 
patients, tense, central bullae may develop within the 
target lesion [1336] (Fig. 331). The lesions are usually 
asymptomatic, but some patients may complain of 
itching or tenderness [446, 1334, 1335-1337]. Prodro- 
mal symptoms are usually absent and if present are 
mild and simulate upper respiratory infection. Atyp- 
ical erythema multiforme may manifest as a large 
single lesion or the lesions may be unilateral, seg- 
mental or have a photodistribution [1344, 1345]. Mu- 
cousal lesions in EM are not uncommon, and usually 
affect the oral mucosa but also the conjunctiva and 
the genitalia [446, 1334, 1335-I337d346]. Oral lesions 
occur in about 70% of patients with EM [1347] and 
sometimes represent the only manifestation of the 
disease [1347]. There are usually painful eroded blis- 
ters and shallow ulcers on the buccal mucosa, palate, 
tongue and gingiva [1347-1349]. The lips are often af- 
fected and may manifest blisters, erosions and haem- 
orrhagic crusts. Fig. 332 shows a patient with EM and 
oral involvement. 

Ocular lesions were reported in 9% of EM patients 
[1350]. They are mild and comprise conjunctival in- 
jections and chemosis. The genital lesions usually 
mainfest as painful haemorrhagic bullae and ero- 
sions (Fig. 333) [1351]. 

The course of EM is benign and self-limited. The 
lesions resolve on their own, usually in 1 to 6 weeks 
with no sequelae except for transient hypo- or hyper- 
pigmentation in some cases [1338]. Recurrence is, 
however, the rule and may continue for years [1338]. 



Table 64. Precipitating factors of erythema multiforme [446, 
1334,1335-1338] 

1. HSV infection 

2. Infections other than HSV e.g., Epstein Barr virus, 
mycoplasma, bacterial, protozoal and fungal 
infections 

3. Drugs 

4. Vaccinations 

5. Malignant tumours 

6. Connective tissue diseases 

7. Pregnancy 
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Some patients may experience overlapping 
episodes of the disease (continuous EM) [1352, 1353, 
1354]. In rare cases the disease is therapy-resistant 
(persistent EM ) [1354, 1355]. 

The classification of EM into minor and major, as 
proposed by Thomas in 1950, and which is still used by 
many authors is arbitrary and confusing and is better 



abandoned. Moreover, SJS and EM are two different 
diseases and SJS and EM major should not be used 
synonymously. In addition, the term bullous EM 
which was recently suggested instead of EM major 
[1155] adds in our view more confusion and is of no 
help because bullous EM is not always a severe form of 
EM and bullous lesions are not uncommon in classic 
mild EM [1336]. 




Fig. 331. Erythema multiforme with bul- 
lous lesions. On the forearm of this patient 
classic target lesions with and without 
blister formation can be seen. Arrow indi- 
cates a classic target lesion 




Fig.332. Erythema multiforme with bul- 
lous cutaneous lesions and oral involve- 
ment 
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Histopathological Findings 

Histopathologically, EM is characterised by necrotic 
keratinocytes within the epidermis, vacuolar degena- 
ration of the BM zone, lymphocytes along the DEJ 
and superficial perivascular and interstitial lympho- 
cytic infiltrate [365] (Fig. 334). The blood vessels of 
the upper vascular plexus are dilated and there may 
be oedema of the papillary dermis. There may also be 
spongiosis and ballooning of keratinocytes. In bul- 
lous EM, there are in addition to the aformentioned 
changes a subepidermal blister formation. Occasion- 
ally the blister is intraepidermal and sometimes both 
types of blisters are present in the same section (Fig. 
335). The intraepidermal blister results from marked 
ballooning and spongiosis [365]. The subepidermal 
blister occurs secondary to excessive vacuolar degen- 
eration of the BM zone and/or rupture of an intraepi- 
dermal blister. 

As shown in Fig. 336 the subepidermal blister in 
bullous lesions of EM is located within the lamina lu- 
cida region. 

DIF and HE examinations in EM are negative. 




Fig.333. Erythema multiforme manifests as haemorrhagic 
erosion on the glans penis 
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Fig. 334. Histopathology of erythema multiforme. Necrotic keratinocytes within the epidermis, vacuolar degeneration of the 
BM zone, lymphocytes along the DEJ and superficial perivascular and interstitial lymphocytic infiltrate can be seen. The blood 
vessels of the upper vascular plexus are dilated.There is also slight spongiosis 



Fig.335. Histopathology of a bullous lesion of erythema multiforme. A subepidermal blister can be seen which is in part a con- ^ 
sequence of extensive vacuolar degeneration of the basement membrane zone and in part a result of rupture of intraepider- 
mal blisters which developed as a result of marked ballooning of keratinocytes 
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Fig.336. Bullous erythema multiforme. Blister mapping using antibodies against type IV collagen. The blister is located in the 
lamina lucida region. The lamina densa is marked by arrows 



Graft-versus-host disease 

Synonym: Graft-versus-host reactions 

Graft-versus-host disease (GVHD) is a complication 
of modern medicine which occurs in about 50% of 
recipients of matched allogeneic bone marrow trans- 
plants (BMT) [1356]. It may also be seen after syn- 
geneic BMT, reinfusion of autologous marrow, ad- 
ministration of nonirradiated blood products or af- 
ter solid organ transplantation. Neonatal GVHD has 
also been reported in immunodeficient neonates 
subsequent to maternal-foetal transfer of immune 
cells during gestation. GVHD was first observed in ir- 
radiated mice infused with donor splenic cells in 1955 
[1357]. In humans, it was first reported after un- 
matched allogeneic BMT in 1958 [1358]. The changes 
were similar to those seen in mice and named by 
Simonsen [1359] graft-versus-host reactions and 
by Billingham [1360] graft-versus-host disease. 
GVHD occurs after viable immunocompetent T cells 
are introduced into an immunoincompetent host and 
represents the immunologic response of these cells 
against the host [1356, 1360, 1361]. GVHD is a systemic 
disorder with characteristic skin changes and can be 
divided into acute and chronic. 



Acute GVHD 

Acute GVHD occurs during the first 100 days follow- 
ing BMT and was reported to complicate 40% to 50% 
of HLA-matched allogeneic BMT and 5% to 30% of 
syngeneic transplants [1362-1367]. Acute GVHD tar- 
gets only epithelia, especially that of the skin, diges- 
tive tract and liver [1368, 1369]. Cutaneous involve- 
ment is the most common and is characterised by 
sudden development of pruritic or burning erythe- 
matous maculo-papular eruption which may show 
perifollicular arrangement [1356, 1361]. The eruption 
occurs usually on the palms, soles, pinnae, neck, and 
upper back, but may become widespread. In severe 
cases, generalised erythroderma, bullae (Fig. 337), or 
epidermal sloughing resembling TEN may develop. 
The bullae are most prominent over pressure or trau- 
ma sites. The gastrointestinal tract and liver involve- 
ment in acute GVHD always occur together with skin 
changes although they may occasionaly be isolated. 
Involvement of the gastrointestinal tract results in 
nausea, vomiting, diarrhoea, abdominal pain or ileus 
[1356, 1361, 1370, 1371]. Liver involvement manifests 
with hepatomegaly, abdominal pain, tenderness, 
jaundice, elevated serum bilirubin and abnormal liv- 
er function tests. Fever may accompany acute GVHD. 
Oral and ocular involvement have also been reported. 
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Acute GVHD is classified into 4 clinical grades 
which correlate with the prognosis of the disease 
(Table 65) [1372-1375]. The survival rate is 90% in 
grade I and 60% in grades II and III. Grade IV, in 
which bullae form, is nearly always associated with a 
fatal outcome. 



Chronic GVHD 

Chronic GVHD develops usually about 100 days fol- 
lowing BMT [1356]. It may develop from an active 
acute GVHD (progressive form, 32% of cases), appear 
after a previously resolved acute GVHD (quiescent 
form, 36% of cases), or develops without previous 
acute GVHD (de novo form, 30% of cases) [1361]. 
Chronic GVHD affects mainly the skin, the liver, the 
oral mucosa, the minor salivary glands and the ocu- 
lar mucosa and glands. However, any organ may be 
involved. Cutaneous lesions occur in 90% to 100% of 
patients with chronic GVHD, may be lichenoid or 
sclerodermoid [1356] and can develop spontanously 
or be triggered by several events such as UV-A irradi- 
ation, physical trauma or infections [1361]. The 
lichenoid lesions consist of violaceous lichen planus- 
like papules which are often present on the perior- 
bital region, ear, palms and soles. The lesions may 
however be generalised or show a dermatomal distri- 
bution [1376-1378]. They are usually asymptomatic 
but can be mildly pruritic. In some cases small blis- 
ters form on top (Fig. 338). The lichenoid lesions of 
chronic GVHD may clear spontaneously, persist in- 
definitely or progress to sclerodermoid lesions 
[1379]. The sclerodermoid lesions are morphea-like 
but often with poikilodermatous changes [1356]. 
They usually affect the trunk and proximal extremi- 
ties, however, they may be generalised and disabling. 



Occasionally, they involve the subcutaneous tissue 
and fascia, simulating eosinophilic fasciitis [1380]. As 
in the lichenoid lesions, sclerodermoid lesions may 
become bullous [1361]. The sclerodermoid lesions 
usually appear later (at a mean of 529 days after 
BMT), may or may not be preceded by lichenoid le- 
sions and occasionally disappear spontaneously 
[1381]. Chronic GVHD may also manifest with papu- 
losquamous plaques, alopecia, and nail dystrophy 
[1382, 1383]. 

Sometimes, chronic GVHD may commence with 
morbilliform eruption suggestive of acute GVHD 
that, over time, changes to lichenoid and scleroder- 
moid lesions [1356, 1382, 1383]. Oral changes occur in 
about 90% of chronic GVHD patients and include xe- 
rostomia, lichen planus-like changes, mucosal atro- 
phy, ulceration, fibrosis [1361] and sclerodermoid le- 




Fig.337. Severe acute GVHD. Erythema and blisters involving 
the sole. (From reference 1356 with permission) 



Table 65. Clinical grading of acute GVHD [1 372-1 375] 



Grade 


Skin 


Intestine 


Serum bilirubin 


1 . 


Erythematous macular and papular eruption involving less 
than 25% of the body surface area 


Diarrhoea 
(>500 ml/day) 


2-3 mg % 


II 


Erythematous macular and papular eruption involving 
25%-50% of the body surface area 


Diarrhoea 
( >1,000 ml/day) 


3.1-6 mg % 


III 


Generalised erythroderma 


Diarrhoea 
(>1500 ml/day) 


6.1-15 mg % 


IV 


Bullae or generalised epidermal necrolysis 


Severe abdominal 
Pain / ileus 


>15 mg % 
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Fig.338. Discrete and confluent lichenoid 
papules as well as vesicles (arrows) on the 
abdomen of a patient with chronic GVHD 



sions [1356]. Chronic GVHD is classified into limited 
and extensive forms which correlate with the disease 
prognosis [1356,1361]. In limited chronic GVHD there 
is localised skin involvement and/or GVHD induced 
hepatic dysfunctions. If there is additional involve- 
ment of other organs or generalised skin changes the 
disease is then regarded as extensive. Limited and de 
novo chronic GVHD usually have a good prognosis 
while extensive chronic GVHD and chronic GVHD 
developing from acute GVHD carry a poorer progno- 
sis. 



Histopathological Findings 

Histopathologically, acute GVHD is characterised by 
vacuolar degeneration of the BM zone, apoptotic ker- 
atinocytes, hypergranulosis, lymphocytes along the 
DEJ and sparse superficial lymphocytic infiltrate 
(Fig. 339) [1356, 1384-1386]. The epidermis may be 
thinned or flattened. The infiltrate is mainly of lym- 
phocytes but sometimes a few eosinophils and neu- 
trophils are present. There may also be pigment in- 
continence. The histologic changes in acute GVHD 
are classified into 4 grades which are shown in Table 
66. Grades 1 and 4 are associated with good and poor 
prognosis respectively [1387]. Grades II and III have 
no prognostic value [1388]. 

In the lichenoid lesions the changes are similar to 
that of acute GVHD, however, the epidermis may be 
acanthotic and the infiltrate consists of lymphocytes 
and plasma cells [1356]. It is usually mild to marked 
and may be band-like. 

In the sclerodermoid lesions epidermal atrophy and 
dermal fibrosis can be observed [1356]. Subtle vacuolar 
degeneration of the BM zone and a few apoptotic ker- 
atinocytes may be present. 

As mentioned above, blisters may form in acute or 
chronic GVHD. In acute GVHD they are a marker of 
severe disease and indicate a poor prognosis. In 
chronic GVHD they do not have a prognostic value. 
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The blisters in GVHD are sub epidermal and locat- 
ed in the lamina lucida region as shown in Fig. 340. 
They form most probably as a consequence of exces- 
sive vacuolar degeneration of the BM zone [1387] . The 
epidermis forming the roof of the blister may show 
hypergranulosis and apoptotic keratinocytes and at 
the blister sides typical features of GVHD are usually 
present. 

In the DIF examination patients with GVHD may 
show globular or linear deposits of IgM at the DEJ 
[1356]. 

The diagnosis of GVHD can not be made with cer- 
tainty using the histological findings alone. Correla- 
tion of the histology with the patient’s history and the 
clinical picture is required. 
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Table 66. Histological grading of acute GVHD [1 387, 1 388] 



Grade 


Changes 


1 


Vacuolar degeneration of 
basement membrane zone 


II 


Vacuolar degeneration of 
basement membrane zone 
and single apoptotic keratinocytes 


III 


Subepidermal clefts, numerous 
apoptotic keratinocytes 


IV 


Entire epidermal necrosis, complete 
separation of the epidermis from the dermis 



Hypergranulosis 



Apoptotic 

keratinocytes 

Lymphocytes 
along the DEJ 

Vacuolar 
degeneration of 
basement 
membrane zone 

Sparse 
perivascular and 
interstitial 
lymphocytic 
infiltrate 




Fig. 339. Histopathology of GVHD. There are: hypergranulosis, vacuolar degeneration of the BM zone, apoptotic keratinocytes, 
lymphocytes along the DEJ in addition to sparse perivascular and interstitial lymphocytic infiltrate in the dermis 
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Fig.340. Histopathology of bullous GVHD. A subepidermal blister and sparse perivascular and interstitial infiltrate of lympho- 
cytes in the dermis.The epidermis forming the blister roof shows hyperkeratosis and hypergranulosis. At the sides of the blister 
there is vacuolar degeneration of the BM zone. Blister mapping with antibodies to type IV collagen showed that the blister is 
located in the lamina lucida region. Arrow marks the lamina densa 
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Insect bites 

Insects are a class of arthropods that possess six legs 
and are characterised by division into three parts 
(head, thorax and abdomen) [1389, 1390]. Insect bites 
can result in diverse cutaneous changes that range 
from urticarial papules to blister formation [1389- 
1391]. Insects of dermatological interest include ants, 
bees, beetles, fleas, lice, mosquitoes, moths and wasps 
[1389]. Flea, mosquito and bedbug bites are the most 
likely to cause blistering lesions [1391-1393]. Initial 
bites typically only produce local irritation and 
discomfort or small pruritic erythematous papules 
[1389-1391]. Sensitisation subsequently occurs in 
1-2 weeks [1391]. In sensitised individuals, bites may 
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produce itching, wheals. Arm papules, papulovesicles 
or blisters [1389-1393]. These lesions are usually 
asymmetrically distributed, involve exposed extrem- 
ities and are often random, but may show irregular 
or linear grouping. The wheals and the papules 
often show central puncture. Blisters in insect bites 
may be the dominating lesions and are tense, arising 
on both erythematous or normal appearing skin 
[1391-1393]. They are usually clear but may be haem- 
orrhagic [1391-1393]. They measure a few millimetres 
to a few centimetres in size. However, large blisters of 
up to 6 cm in diameter were reported after mosquito 
bites. 

The exact pathogenesis of cutaneous reactions to 
insect bites is unknown [1390, 1391]. 

Figure 341 shows a patient with bullous insect bites. 




Fig. 341. Bullous insect bites on the backs of the feet. Excoriated papules, papulovesicles and tense blisters can be seen on nor- 
mal and erythematous skin 
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Histopathological Findings 

Histopathologically insect bites are characterized 
by wedge shaped perivascular and interstitial infil- 
trate of lymphocytes and eosinophils [1385]. Some- 
times neutrophils are also present and may be nu- 
merous. The infiltrate may be superficial or superfi- 
cial and deep. There are also epidermal hyperplasia 
with exocytosis of lymphocytes and sometimes 
eosinophils, spongiosis and occasionally ker- 
atinocytes ballooning. Scale-crust and / or paraker- 
atosis may be present. Oedema of papillary dermis is 
often observed. 

In bullous insect bites there is addtionally a blister 
formation. We have oberserved that latter may take 
five patterns: 

• Solitary intraepidermal blister 

• Multiple intraepidermal blisters (Fig. 342). In this 
pattern we noticed like others [1385] that the cen- 
tral blister is usually the largest and those at the 
periphery decrease in size as they placed away 
from it. The intraepidermal blisters may be sepa- 
rated from each other by septa forming of epider- 
mis rests giving the histologic picture of reticular 
degeneration of the epidermis (Fig. 342). The in- 
traepidermal blisters form secondary to marked 
spongiosis and keratinocytes ballooning [1385]. 



• Subepidermal blister secondary to rupture of in- 
traepidermal blisters (Fig. 342). 

• Subepidermal blister due to massive edema of 
papillary dermis (Fig. 343). 

• Subepidermal blister similar to that of bullous 
drug reaction or some subepidermal autoimmune 
bullous diseases like cell rich BP (Fig. 344). 

In bullous insect bites the subepidermal blister is 
present in the lamina lucida region (if it is formed sec- 
ondary to rupture of intraepidermal blister or if it is 
similar to that of subepidermal autoimmune bullous 
diseases) and beneath the lamina densa if it results 
from massive edema of papillary dermis (Fig. 345). 

In insect bites DIF and IIF examinations are nega- 
tive. This help to exclude subepidermal autoimmune 
bullous diseases. 

The histopathology of bullous insect bites alone is 
not enough to make a sure diagnosis. Similar changes 
can be seen in other diseases like dyshidrotic eczema, 
bullous drug reaction and some subepidermal au- 
toimmune bullous diseases. The histopathological 
findings should therefore be correlated with the pa- 
tient’s history, the clinical picture and the results of 
immunofiuorescence examinations. 
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Fig. 342. Bullous insect bite. In this example there are concomitant subepidermal and intraepidermal blisters.The intraepider- 
mal blisters developed secondary to marked spongiosis and ballooning of keratinocytes.The subepidermal blisters resulted 
from rupture of intraepidermal blisters and the papillary oedema 







316 



Diseases Occasionally or Frequently Associated 



Chapter 5 



Epidermis 

Extensive 
oedema 
of papillary 
dermis 



Subepidermal 

blister 



Superficial 
and deep 
infiltrate 




Epidermis 



Extensive 
oedema 
of papillary 
dermis 



Fibrin 



Subepidermal 

blister 



Lymphocytic 
infiltrate with 
eosinophils 
and 

neutrophils 




Fig.343. Histopathology of bullous insect bite. There is massive oedema of the papillary dermis. A subepidermal blister is 
formed as a consequence. Perivascular and interstitial infiltrate of lymphocytes, eosinophils and neutrophils can be seen 



Fig. 344. Histopathology of bullous insect bite showing a subepidermal blister formation similar to that of some subepidermal ^ 
autoimmune bullous diseases like cell rich BP (By courtesy of H. Kutzner, Dermatopathologisches Gemeinschaftslabor, 
Friedrichshafen, Germany 
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Fig. 345. Blister mapping of the subepi- 
dermal blister in a bullous insect bite 
using antibodies against type IV collagen. 
The blister is present in the lamina lucida 
region if it occurs secondary to rupture of 
intraepidermal blisters or if it is similar to 
that of subepidermal autoimmune bul- 
lous diseases A. The blister is located 
below the lamina densa if it results from 
massive papillary oedema B.The lamina 
densa is marked by arrows 
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Leucocytoclastic vasculitis 

Synonym: allergic vasculitis, 
hypersensitivity vasculitis 

Leucocytoclastic vasculitis (LV) is an immune com- 
plex disease of small postcapillary venules [1394- 
1396]. Its precise incidence is not known, but it is 
relatively common and is reported worldwide. LV af- 
fects males and females equally and may occur at any 
age including children and infants [1394, 1396]. 

About 50% of LV cases are idiopathic [1397, 1398]. 
In the remainder a varity of causes were reported. 
These are listed in Table 67 [1394-1398]. No HLA as- 
sociation has been reported in LV. LV is often lo- 
calised to the skin but other organs especially the kid- 
ney, the gastrointestinal tract, CNS and joints may 
also be affected [1394-1398]. The cutaneous lesions of 
LV can occur anywhere on the integument but they 
are commonly present on the lower extremities prob- 
ably due to hydrostatic forces and blood flow turbu- 
lence at vessels bifurcation. They are usually symmet- 
rically distributed and consist mainly of petechial 
haemorrhage and purpuric papules. The latter is 
known as palpable purpura and is considered the 
clinical hallmark of the disease. With disease 
progress the lesions increase in number and size and 




may coalesce into haemorrhagic patches and plaques 
which may become necrotic resulting in blisters for- 
mation (Fig. 346). The blisters are haemorrhagic usu- 
ally flaccid and on rupture may result in ulcers for- 
mation. They may also be urticarial lesions, necrotic 
nodules and pustules. The lesions of LV are asympto- 
matic but may be mildly pruritic. Large lesions and 
ulcers are usually painful. A prodrome of fever 
malaise, arthralgia and myalgia may precede the ap- 
pearance of the lesions. LV with merely cutaneous le- 
sions has usually a benign and self-limited course. It 
may, however, recur or become chronic. If other or- 
gans are affected, the prognosis depends on the 
severity and extent of the involvement. 

Table 67. Possible causes of leucocytoclastic vasculitis 
[1394-1398] 

■ Infections, especially beta haemolytic streptococci, 
viral hepatitis and HIV. 

■ Drugs particularly antibiotics, diuretics and 
nonsteroidal, anti-inflammatory drugs 

■ Connective vascular diseases in particular, 
rheumatoid arthritis, Sjogren-syndrome and SLE 

■ Mixed cryoglobulinaemia 

■ Food and food additives 

■ Malignant tumours 




Fig. 346. Two patients with bullous leucocytoclastic vasculitis. Petechial haemorrhage, palpable purpura, necrotic haemorrhag- 
ic patches and plaques with blisters formation can be seen 
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Henoch-Schonlein purpura 

Henoch-Schonlein purpura is a LV which involves 
the gastrointestinal tract, joints, kidneys and the skin. 
In addition to the cutaneous lesions, affected pa- 
tients, who are mainly children and young adults, 
complain of abdominal pain, melena, arthritis and 
haematuria [1397, 1398, 1399]. This variant of LV is 
called Henoch-Schonlein purpura after the two pae- 
diatricians who first described it [1400, 1401]. It oc- 
curs often in spring and is mostly precipitated by up- 
per respiratory tract infection [1397, 1398]. Henoch- 
Schonlein purpura is usually self-limited within a few 
weeks. The haematuria may, however, persist for up 
to 2 years [1397]. 

Acute infantile haemorrhagic oedema 

Synonyms: Acute haemorrhagic oedema of 
infancy, Finkelstein's disease 

Acute infantile haemorrhagic oedema is a leucocyto- 
clastic vasculitis which affects infants (usually be- 
tween 4 and 24 months of age) [1402-1404]. Clinical- 
ly it is characterised by an acute onset of fever, ecchy- 
motic purpura (often in a cockade pattern) and in- 
fiammatory oedema of the limbs and face without 
visceral involvement. The disease is rare, of still un- 
known cause and follows a short benign course 
where spontaneous and complete resolution occurs 
usually within 1 to 3 weeks. Acute infantile haemor- 
rhagic oedema occurs mostly during winter months 



and often within 2 weeks of upper respiratory tract 
infection [1405]. 

Histopathological Findings 

Histopathologically, LV is characterised by fibrin de- 
posits within and around the walls of the venules (the 
fibrin deposits give venule wall a smudgy appearance 
referred to as fibrinoid degeneration), swelling of the 
endothelial cells of the venules, perivascular and in- 
terstitial lymphocytic infiltrate with many neu- 
trophils (sometimes also eosinophils), nuclear dust 
and extravasated erythrocytes [400]. Thrombosis of 
the venules may also be present. There is also oedema 
of the papillary dermis and sometimes spongiosis 
and keratinocytes ballooning [365]. 

Bullous LV will show in addition intraepidermal or 
subepidermal blister [365]. Sometimes, both types of 
blisters are present in the same section (Fig. 347). 

The intraepidermal blister results from marked 
spongiosis and keratinocytes ballooning (Fig. 348). 
The subepidermal blister occurs secondary to rup- 
ture of an intraepidermal blister and the papillary 
oedema (Figs. 347, 349). As shown in Fig. 350 the 
subepidermal blister in bullous LV is located within 
the lamina lucida region. 

DIF examinations of early lesions of LV may show 
perivascular IgG, IgM and/or C3 deposits [1394, 365, 
400]. In Henoch-Schonlein purpura and acute infan- 
tile haemorrhagic oedema, DIF examinations may 
reveal perivascular IgA deposits [1397, 1402]. 



Fig.347. Histopathology of bullous leucocytoclastic vasculitis displaying intraepidermal and subepidermal blisters. The in- ► 
traepidermal blisters result from keratinocytes ballooning and epidermal necrosis.The subepidermal blisters form on rupture 
of the intraepidermal ones. Extravasated erythrocytes, infiltrate of neutrophils and lymphocytes In addition to nuclear dust and 
fibrinoid degeneration of the venules can also be seen 
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Fig.348. Histopathology of bullous leucocytoclastic vasculitis.There are intraepidermal blisters which contain neutrophils and 
necrotic keratinocytes. Extravasated erythrocytes, dense infiltrate of neutrophils and lymphocytes as well as nuclear dust and 
fibrinoid degeneration of the venules can be seen 
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Fig. 349. Histopathology of bullous leucocytoclastic vasculitis displaying a subepidermal blister which contains neutrophils and 
fibrin. Nuclear dust and fibrinoid degeneration of the venules in addition to infiltrate of neutrophils and lymphocytes can be 
seen 
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Fig. 350. Blister mapping of a bullous leucocytoclastic vasculitis using antibodies against type IV collagen. The blister is located 
in the lamina lucida region. The lamina densa is marked by arrows 
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Lichen planus 

Synonym: Lichen ruber planus 

Lichen planus (LP), which was first described by Wil- 
son in 1869 [1406], is a T-cell mediated infiammatory 
disorder of unknown cause [1407]. 

The exact incidence of LP is unknown but estimat- 
ed to be 0.14-0.8% worldwide [1408]. There is no 
racial predilection and females are more affected 
than males [446, 1389, 1406, 1409]. LP may occur at 
any age (including children and even infants), howev- 
er, it is more prevalent in patients between the ages of 
30 and 60 years [446, 1389, 1407-1409]. LP may affect 
the skin, mucous membranes and nails separately or 
in combination [446, 1389, 1406, 1409]. The cutaneous 
lesions of LP typically start as erythematous macules 
which develop in papules. The latter are firm, prurit- 
ic, violaceous and polygonal. They are fiat-topped 
and often Wickham striae are present on their sur- 
faces. Wickham striae appear as fine white puncta or 
reticulated networks and are named after Wickham 
who described them for the first time in 1895 [1410]. 
They are highly diagnostic of LP and become more 
visible by making the stratum corneum transparent 
through application of a drop of oil [446, 1389, 1407, 
1408]. The papules may be widely dispersed or close- 
ly aggregated. Occasionally they coalesce in plaques. 
Typically, the cutaneous lesions of LP show Kobner’s 
phenomenon (development of new lesions at sites of 
minor trauma such as scratching). They are symmet- 
rically distributed and the sites of predilections are 
the fiexor surfaces of the wrists, the forearms, sacral 
region, ankle, anogenital region and penis. Many 
variations in the morphology and configuration of 
cutaneous LP have been observed (see Table 68). Oral 
mucosa is frequently affected in LP and about 
60-70% of patients have concomitant cutaneous and 
oral lesions [1408]. In about 20-30% of the cases oral 
mucosa is the only manifestation of the disease 
[1408]. Clinically the oral lesions of LP may be retic- 
ulate, erythematous, or erosive (bullous) (Table 68). 
The lesions may affect multiple oral sites or be con- 
fined to single sites such as the buccal mucosa (1.2%), 
dorsal tongue (0.6%) and the gingiva (8.6%) [1409]. 
LP of the gingiva may manifest as desquamative gin- 
givitis. 

Nail changes occur in about 1-10% of LP patients 
and sometimes may be the only manifestation of the 
disease [1411]. LP may affect any or all nail compo- 
nents. Lesions of the nail matrix cause nail plate 



changes (longitudinal ridging, bulging, thinning, 
pterygium formation) or shedding of the nail plate 
with atrophy of the nail area. Lesions of the nail bed 
and hyponychium cause subungual hyperkeratosis 
and nail plate uplifting. Pterygium formation and at- 
rophy of the nail area are lasting changes because 
they result from matrix destruction. 

Bullous lesions in LP which is the subject dis- 
cussed here may develop in cutaneous and oral LP. In 
cutaneous LP the blisters are tense and clear [1412] 
and observed only on top of LP lesions. In oral LP the 
bullous lesions occur in the erosive variant of the dis- 
ease where they precede the development of the ero- 
sive lesions. They are fiaccid, contain clear, haemor- 
rhagic or (if secondarily infected) purulent fiuid. 
They rupture rapidly leaving eroded areas which heal 
slowly. We regard like some authors [1413, 1414] the 
terms erosive and bullous in oral LP as synonymous. 
Erosive (bullous) oral LP is not uncommon and is 
observed in 40-50% of patients with oral LP [1409, 
1415]. Bullous LP then refers to cutaneous LP with 
bullous lesions or erosive oral LP. The former condi- 
tion should be differentiated from LPP which is an 
autoimmune sub epidermal disease with circulating 
autoantibodies against BPAG2. In LPP, the blisters de- 

Table 68. Clinical variants of LP [446, 1389, 1408, 1409, 
1412-1414] 

Cutaneous LP 

1. Classic LP 

2. Actinic LP 

3. Annular LP 

4. Atrophic LP 

5. Bullous LP 

6. Exanthematic LP 

7. Follicular LP 

8. Graham-Little syndrome 

9. Hypertrophic (verrucous) LP 

10. Lichen planopilaris 

11. Linear LP 

12. Palmoplantar LP 

13. Ulcerative LP 

Oral LP 

1. Reticulate oral LP 

2. Erosive (bullous) oral LP 

3. Erythematous (atrophic) oral LP 
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velop on LP lesions and normal or erythematous skin 
and in the DIF examination, there are linear IgG de- 
posits along the BM zone. Erosive (bullous) oral LP 
should be differentiated from oral lesions of autoim- 
mune bullous diseases (PV, CP, linear IgA disease and 
EBA). In autoimmune bullous diseases, DIF of perile- 
sional oral mucosa is positive and patients have cir- 
culating autoantibodies against proteins of desmo- 
somes or the BM zone (for more details see CHAP- 
TER 3 and 4). 

Fig. 351 shows two patients with erosive (bullous) 
oral LP. 

LP is a sporadic disease, nevertheless, familial cas- 
es have been rarely reported [1416-1418]. In compar- 
ison with nonfamilial LP, familial LP affects younger 
persons, usually has atypical and widespread clinical 
presentation and is more severe and chronic. Some of 
the reported families displayed increased frequency 
of HLA-B7 [1417]. 
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A significant association between hepatitis C virus 
and LP was reported [1419, 1420]. In addition, LP oc- 
curring after hepatitis B vaccination [1421] or after 
drug administration [446] especially antimalarials 
and gold salts was reported. Stress, citrus, spicy food, 
alcohol consumption, tobacco use, dental procedures 
and poor oral hygiene usually exacerbate oral LP 
[1409]. 

Most cases of LP heal spontaneously (usually with 
hyperpigmentation but occasionally with hypopig- 
mentation) in an average of 15 months [1408]. The 
disease may however follow a chronic relapsing 
course over many years. Oral LP, lichen planopilaris 
and hypertrophic LP tend to persist. 

In a study of 723 patients with oral LP oral squa- 
mous cell carcinoma (SCC) developed in 0.8% of pa- 
tients [1409]. All had erythematous or erosive form. 
Rarely, in patients with hypertrophic LP, SCC may de- 
velop [1408]. 




Fig. 351 . Erosive lichen planus of the oral mucosa affecting the buccal mucosa A and the tongue B. Erosive lichen planus is a bul- 
lous lichen planus where the erosions form secondary to the blisters' rupture 








326 



Diseases Occasionally or Frequently Associated 



Chapter 5 

Histopathological Findings 

The typical histopathological features of LP are: com- 
pact hyperkeratosis, wedge-shaped hypergranulosis, 
irregular epidermal hyperplasia, vacuolar degenera- 
tion of the BM zone and band-like lymphocytic infil- 
trate that obscures the DEJ [365, 400, 1422] (Fig. 352). 
Necrotic keratinocytes in the lower part of the epi- 
dermis and/or the papillary dermis may also be pres- 
ent. Bullous LP shows histopathologically typical fea- 
tures of LP, but in addition, there is a subepidermal 
blister (Figs. 353, 354). This forms secondary to exten- 



sive vacuolar degeneration of the BM zone. The blis- 
ter in bullous LP is located in the lamina lucida re- 
gion (Fig. 355). 

The histopathology of bullous LP of the oral mu- 
cosa may be difficult to differentiate from that of 
lichenoid variant of CP (see pages 192-193), and DIF 
examination of perilesional normally appearing oral 
mucosa is necessary. In LP, the DIF examination 
demonstrates neither IgG nor IgA deposits along the 
BM zone. Also in LP, there are no circulating autoan- 
tibodies against proteins of the BM zone. 
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Fig. 352. Histopathology of a fully developed lesion of lichen planus. Compact hyperkeratosis, wedge-shaped hypergranulosis, 
irregular epidermal hyperplasia, vacuolar degeneration of the BM zone and band-like lymphocytic infiltrate that obscures the 
DEJ can be seen. Max-Joseph spaces which result from coalescence of the vacuoles at the BM zone can also be seen 



Fig.353. Histopathology of bullous lichen planus of the oral mucosa. A subepidermal blister in addition to typical features of LP ► 
can be seen 
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Fig.354. Histopathology of bullous lichen planus displaying a subepidermal blister and band-like infiltrate of lymphocytes that 
obscure the DEJ.The epidermis is hyperplastic and shows hypergranulosis, necrotic keratinocytes and vacuolar dgeneration of 
the BM zone 
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Fig.355. Bullous lichen planus. Blister mapping using antibodies against type IV collagen. The blister is located in the lamina 
lucida region. The lamina densa is marked by arrows 



Lichen sclerosus 

Synonym: Lichen sclerosus et atrophicus 

Lichen sclerosus (LS), first described by Hallopeau in 
1887 [1423], is an acquired mucoucutaneous infiam- 
matory disorder of unkown cause [1424, 1425]. A re- 
cent study showed the presence of circulating au- 
toantibodies to extracellular matrix protein 1 (ECMi) 
in about 67% of patients with LS [1425a] whether the 
synthesis of auto antibodies to ECMi in LS is a pri- 
mary pathogenetic event or simply an epiphenome- 
non remains to be determined. ECMi (OMIM 
602201) is mapped to chromosome iq2i [1425b]. It en- 
codes a glycoprotein of still unknown fuction and 
found to be mutated in lipoid proteinosis (also 
known as hyalinosis cutis et mucosae or Urbach- 
Wiethe disease) (OMIM 247100), a rare autosomal 
recessive disorder characterized by generalized 
thickening of skin, mucosae, and certain viscera as 
well as beaded eyelid papules and hoarseness [1425c]. 



LS affects adults, children and even infants. It has a 
female predominace and there is no racial predilec- 
tion. In adults it occurs usually in women above 50 
years old [1424] and in men above 30 years old [1426]. 
Approximately 10-15% of LS occurs in children 
[1427]. There is no certain HLA association with LS 

[1424]. 

LS affects most frequently genital skin and mu- 
cosae [1424, 1425]. Cutaneous extragenital lesions oc- 
cur either alone or in association with genital ones. 
LS may also affect oral mucosa which may be the only 
site of involvement [1428, 1429]. Affection of other or- 
gan systems has not been described [1424, 1425]. 

Extragenital lesions of LS usually start as white 
fiat-topped papules that coalesce into plaques [1424, 
1425, 1430, 1431]. Comedo-like plugs may appear on 
the surface of the lesions (a feature referred to as 
“delling”). With time the plugs disappear and leave a 
smooth, porcelain-white plaque. The lesions are usu- 
ally limited in extent and most commonly occur on 
the neck, shoulders and upper trunk. However, wide- 
ly distributed lesions or lesions along the lines of 
Blaschko have been reported [1432]. Most cases of ex- 
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tragenital LS are asymptomatic although pruritus 
may occur [1424,1432]. 

LS of female genitals (previously called kraurosis 
vulvae) is the most common form of LS [1424, 1425, 
1427, 1430, 1431, 1433]. Patients complain of soreness 
and itching which can be unbearable. The lesions con- 
sist of atrophic white papules, plaques and patches. 
There may also be erythema, erosions, scarring and 
purpura. The mostly affected sites are the vulva, cli- 
toris and introitus. Not uncommonly the anal skin is 
also involved. The disease interferes usually with sex- 
ual intercours and may distort the shape of the geni- 
tals permanently. LS of female genitals appears typi- 
cally after menopause. It carries a 9% risk of develop- 
ment of vulval intraepithelial neoplasia ( VIN) and 21% 
risk of development of invasive squamous cell carci- 
noma [1434]. Genital LS in girls may be confused with 
sexual abuse [1434]. In girls genital LS resolves in 
about 50% of the cases spontaneously by menarche. 

Male genital LS (previously called balanitis xerotica 
obliterans) is seen almost exclusively in uncircumcised 
men and boys and usually appear as white atrophic 
plaques confined to the glans penis and the prepuce 
[1424, 1435, 1436]. Involvement of the penile shaft and 
scrotum is rare. The lesions erode and heal with fibro- 
sis and may cause urinary meatal stricture [1424, 1437] 
and phimosis [1424, 1438]. Penile carcinoma may com- 
plicate male genital LS in 5.8% of cases [1439]. 

All forms of LS exhibit “Kobner” phenomenon 
[1424]. In addition, in all forms of LS blisters may oc- 
cur [1424, 1440, 1441]. These are usually haemorrhag- 
ic and appear on their own or after scratching. Figure 
356 shows a patient with bullous LS. 



Histopathological Findings 

The histopathologic changes of LS were first reported 
by Darier in 1892 [1442]. These changes are diagnos- 
tic and one observes compact hyperkeratosis, follicu- 
lar plugging, thinned fiattened epidermis and vacuo- 
lar degeneration of the BM zone [365, 771, 1034, 1424, 
1431, 1443]. The papillary dermis becomes homoge- 
nized and oedematous early and hyalinized and scle- 
rotic later. In the upper part of the reticular dermis a 
band like perivascular and interstitial infiltrate of 
lymphocytes and occasionally plasma cells are pres- 
ent. Increased neutral and acid mucopoly-saccha- 
rides are present in the oedematous papillary dermis 
[1424]. The blood vessels of the superficial vascular 
plexus are widely dilated. The hyperkeratosis may be 
so marked that the stratum corneum is thicker than 
the remainder of the epidermis. Acanthosis may be 
present if there is a superimposed lichen simplex 
chronicus [1424]. In the very early stage of LS the 
histopathologic changes are not diagnostic and con- 
sist of epidermal hyperplasia, lymphocytes along the 
DEJ and a band-like lymphocytic infiltrate in the 
papillary dermis [771,1444]. 

In bullous LS, a subepidermal blister, which usual- 
ly contains erythrocytes, forms as a consequence of 
excessive vacuolar degeneration of the BM zone 
[1440] (Fig. 357). It may also be a result of the massive 
oedema of the papillary dermis [1034] as seen in Fig- 
ure 358. 

The blister in bullous LS is located below the lam- 
ina densa (Fig. 359). 




Fig.356. Bullous lichen sclerosus 
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Fig. 357. Histopathology of bullous lichen sclerosus. Compact cornified layer, flattened epidermis and a subepidermal blister 
containing erythrocytes can be seen.The blister is formed as a consequence of excessive vacuolar degeneration of the BM zone. 
The papillary dermis is in some areas homogenized and oedematous and in others sclerotic. Perivascular and interstitial lym- 
phocytic infiltrate and dilated blood vessels are also present 
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Fig.358. Histopathology of bullous lichen sclerosus. Marked oedema of papillary dermis with subsequent formation of subepi- 
dermal blister 
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Fig.359. Bullous lichen sclerosus. Blister mapping using antibodies against type IV collagen.The blister is located belowthe lam- 
ina densa.The lamina densa is marked by arrow 



Mastocytosis 

Paul Ehrlich, a German physician and biochemist dis- 
covered mast cells in 1877 [1445]. He observed that 
these cells contained many cytoplasmic granules and 
therefore named them Mastzellen which means well 
fed cells. It is now know that mast cells originate from 
CD34-H pluripotential bone marrow cells [1446] which 
circulate in the blood and reside in certain places 
where they mature [1447, 1448]. Mastocytosis is a het- 



erogenous group of disorders characterised by abnor- 
mal proliferation of mast cells in the skin, internal or- 
gans (including bone marrow and lymph nodes) or 
both [1449-1452]. Mastocytosis occurs during infan- 
cy, childhood or adulthood and is usually a sporadic 
disease. However, in rare cases familial occurrence 
(autosomal dominant) has been reported [1453, 1454]. 
Recent studies have shown that in a significant num- 
ber of patients with sporadic mastocytosis, there are 
activating somatic mutations in the proto-oncogene 
c-kit (OMIM 164920) [1455-1457] which is located on 
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chromosome 4 and encodes for the kit protein 
[1455-1458]. Kit protein is a transmembrane tyrosine 
kinase expressed on the mast cells, melanocytes, ga- 
metocytes, and haematopoietic stem cells and plays a 
crucial role in proliferation and maturation of these 
cells [1455-1457, 1459, 1460]. Mutations in the c-kit 
gene cause constitutive activation of the kit protein 
which in turn enhances mast cell proliferation with 
the end result being mastocytosis [1455-1457]. Muta- 
tions in the c-kit gene, however, do not account for all 
cases of mastocytosis and can not explain the initial 
events of pathogenesis of the disease [1454, 1457, 1460, 
1461]. 

Mastocytosis was first described in 1869 by Nettle- 
ship [1462] under the name„chronic urticaria leaving 
brown stains“. Several years later in 1887, Unna re- 
ported a local proliferation of mast cells in the dermis 
of mastocytosis lesions [1463]. The disease was called 
urticaria pigmentosa by Sangester in 1878 [1464]. In 
1930, the term mastocytosis was introduced by 
Sezary [1465a]. In 1949, an autopsy by Ellis confirmed 
that internal organs could also be involved [1465b]. 

Mastocytosis can be divided into two main groups 
[1452]: 

1. Cutaneous mastocytosis 

2. Systemic mastocytosis 

The focus here will be cutaneous mastocytosis, which 
comprises four clinical phenotypes [1466]. These are: 

1. Mastocytoma 

2. Urticaria pigmentosa 

3. Diffuse cutaneous mastocytosis 

4. Telangiectasia macularis eruptiva perstans 

Blisters may occur in any of the first three clinical 
phenotypes [1467]. 



Mastocytoma 

Mastocytoma which was first described by Gross in 
1933 [1468] represents about 10-15% of cutaneous 
mastocytosis cases and occurs most exclusively in in- 
fants where it may be present at birth or develops 
during the first weeks of life [1389]. In pediatric cuta- 
neous mastocytosis, mastocytoma represents 51% of 
cases [1469]. There is no significant gender predilec- 
tion. Clinically, it presents usually as a solitary light 
brown, yellow, or pink plaque or nodule that usually 
urticates on rubbing (DarieUs sign) [1389, 1469]. In 
some cases there are multiple lesions. Not uncom- 
monly (31% of cases) a blister may form on top of the 
lesion spontaneously or after rubbing (Fig. 360) 
[1469]. Mastocytoma may affect any area of the skin 
with preference for the hands and the wrists [1389, 
1469]. Mastocytoma is usually asymptomatic but 
fiushing may occur in 29% of cases [1469]. Almost all 
cases regress spontaneously within a few years in the 
course of childhood [1389, 1469]. Systemic involve- 
ment and malignant transformation does not occur. 

Mutations in the c-kit gene have not been report- 
ed in mastocytoma [1450, 1457]. 




Fig. 360. Bullous mastocytoma on the forearm of an infant 
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Urticaria pigmentosa 

Urticaria pigmentosa (UP) accounts for about two 
thirds of cutaneous mastocytosis [1389] and can be 
divided into 2 types; a juvenile type and an adult type 
[1389,1469]. 

The juvenile type represents about 47% of pediatric 
cutaneous mastocytosis cases [1469] and ages at on- 
set ranged from birth to 11 years, with most cases be- 
ginning during the first year of life [1470]. Clinically, 
there are disseminated yellowish brown to yellowish 
red maculopapular or nodular lesions that urticate 
on rubbing (Darier’s sign) [1389, 1469, 1470]. Lesions 
tend to be truncal in distribution, although the ex- 
tremities can be involved. The scalp, and soles are 
usually spared. In about 23% of patients [1469] and as 
seen in Figure 361 the lesions may blister (bullous ur- 
ticaria pigmentosa). The blisters are tense and usual- 
ly haemorrhagic. Pruritus is not uncommon and 
fiushing attacks (with associated headache, tachycar- 
dia, irritability and restlessness) are reported in 26% 
of cases [1389, 1469, 1470]. Juvenile type of UP has a 
good prognosis where systemic involvement is usual- 
ly absent and most symptoms disappear sponta- 
neously at puberty [1449]. 

The adult type of UP occurs in early or mid-adult 
life and usually persists or progresses [1449]. Clini- 
cally, there are small red brown macules or slightly 
raised papules scattered principally over the skin of 
the trunk. The lesions urticate on rubbing. Some pa- 
tients are troubled only by the unsightliness of the le- 
sions, whereas others complain of whealing on skin 
rubbing, pruritus and fiushing attacks. In about 25% 
of cases systemic involvement occurs. With involve- 
ment of internal organs other symptoms depending 
on the affected organs may be present. All sporadic 
UP adult patients examined to date have activated 
mutations in the c-kit gene [1471] while most affected 
children lack these mutations [1472, 1473], suggesting 
two different pathomechanisms. The prognosis of 
adult UP is generally good despite the presence of 
c-kit mutations [1450]. 
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Diffuse cutaneous mastocytosis 

Diffuse cutaneous mastocytosis (DCM), first de- 
scribed by Degos et al. in 1951 [1474], is a rare variant 
of mastocytosis in which the skin is diffusely infil- 
trated by mast cells [1467 ,1469, 1475-1477] . DCM rep- 
resents about 1% of pediatric cutaneous mastocytosis 
cases [1469]. It affects infants and usually presents 
before the age of 9 months [1476]. The skin is thick- 
ened, doughy, has a leathery texture and a yellow- 
brown peau d’orange or “cobblestone appearance” 
[1467, 1469, 1475-1477]. Occasionally the skin is 
lichenified. In almost all patients blisters develop ei- 
ther spontaneously or after minor trauma. Some- 
times they are extensive and simulate SSSS [1468, 
1475]. Most cases are sporadic and only a few autoso- 
mal inherited familial cases have been reported 
[1478]. The prognosis for infants with DCM depends 
on the onset of the blisters appearance [1476, 1479]. 
Early onset at birth or shortly thereafter is usually as- 
sociated with poor prognosis due to systemic in- 
volvement. Infants with late onset of blister forma- 
tion usually do not have systemic involvement and 
the prognosis is good and complete resolution occurs 
in most cases during childhood. Mutations in the 
c-kit gene have been reported in some patients with 
DCM [1480]. Fig. 362 shows an infant with DCM. 




Fig.361. Bullous urticaria pigmentosa in an infant 
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Telangiectasia macularis eruptiva perstans 

Telangiectasia macularis eruptiva perstans (TMEP), 
first described by Weber in 1930 [1481], is a rare vari- 
ant of cutaneous mastocytosis which affects mainly 
adults and only occasionally children or infants 
[1482, 1483]. Clinically there are telangiectatic tan to 
brown macules that may or may not urticate on rub- 
bing [1481-1486]. They involve mainly the trunk, 
however, the extremities and very rarely the face may 
be affected. TMEP with a linear distribution has also 
been reported [1487]. Pruritus frequently occurs and 
there may be fiushing. Most patients have only skin 
involvement, however, in rare cases systemic involve- 
ment has been described [1482]. 



Histopathological Findings 

Bullous lesions of mastocytosis (bullous mastocy- 
toma, bullous urticaria pigmentosa and bullous dif- 
fuse cutaneous mastocytosis) show histopathologi- 
cally similar changes namely massive oedema of pap- 
illary dermis, a subepidermal blister and a dense in- 
filtrate of mast cells beneath it (Fig. 363) [1476, 1488, 
1489]. Lymphocytes and eosinophils may be present. 
Mast cells can be detected using standard dyes such 
as Giemsa and Leder’s stain. 




Fig. 362. Infant with bullous diffuse cuta- 
neous mastocytosis. There are erosions 
and haemorrhagic blisters on thickened 
skin which has a yellow-brown peau d'o- 
range appearance (By courtesy of D. Met- 
ze, Department of Dermatology, Univer- 
sity Hospital Munster, Munster, Germany) 
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Fig. 363. Histopathology of bullous mastocytoma. Massive oedema and subepidermal blister in addition to a dense infiltrate of 
mast cells (By courtesy of H. Kutzner, Dermatopathologisches Gemeinschaftslabor, Friedrichshafen, Germany) 
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Mycosis fungoides 

Cutaneous T-cell lymphoma (CTCL) is a heteroge- 
nous group of malignant T-cell lymphomas with pri- 
mary manifestations in the skin [1490]. Mycosis fun- 
goides (MF) is the most common type of CTCL and 
forms about 1% of all lymphomas [1490, 1491]. The 
first case of MF was described by Alibert in 1806 
[1492], who later in 1832 coined the term mycosis fun- 
goides comparing the cutaneous tumours in this dis- 
ease to mushrooms [1493]. In 1876 Bazin, subsequent- 
ly divided the typical clinical progression into the 
patch, plaque and tumour stages [1494]. In addition 
to these classic lesions, MF can manifest with atypical 
clinical forms [1495-1505] (Table 69). 

Mycosis fungoides bullosa (MFB) which repre- 
sents our focus here, was first described by Kaposi in 
1887 [1502]. The term mycosis fungoides bullosa was, 
however, first introduced by Garb and Wise in 1943 
[1506]. MFB is rare and only few cases have been re- 
ported [1507-1518]. Clinically, the blisters appear 
within typical lesions of MF or on normally appear- 
ing skin. They can be fiaccid or tense and are usually 
generalised distributed over the trunk and extremi- 
ties. They usually appear gradually over weeks, 
although they may develop rapidly in 12-24 hours. 
The blisters usually follow the start of the typical le- 
sions of MF by several months or years but some- 
times may be part of the initial eruption. Both men 
and women maybe affected and the average age is re- 
ported to be 66 years. The prognosis of MFB appears 
to be poor with about 50% of the patients dying with- 



Table 69. Atypical clinical forms of mycosis fungoides [1 495- 
1506] 

1. Granulomatous MF 

2. Granulomatous slack skin 

3. Erythrodermic MF 

4. Follicular MF 

5. Hyperkeratotic MF 

6. Hyperpigmented MF 

7. Hypopigmented MF 

8. Mycosis fungoides bullosa 

9. Mycosis fungoides palmaris et plantaris 

10. Poikilodermatous MF 

11. Pustular MF 




Fig. 364. Mycosis fungoides bullosa. Large bullae within MF 
plaque on the left hand of an 80-year-old man. (From refer- 
ence 1518 with permission) 



in one year of appearance of the blisters, despite ag- 
gressive therapy [1518]. Figure 364 shows a patient 
with MFB. 



Histopathological Findings 

MFB is characterised histopathologically by blister 
formation and the presence of typical features of MF 
[1507-1518] namely; dermal infiltrate of atypical lym- 
phocytes, epidermotropism, Pautrier’s microabscess- 
es and atypical lymphocytes in the basal layer of the 
epidermis [365,400,1519]. 

The blisters in MFB may be subcorneal, intraepi- 
dermal or subepidermal. Why it comes to blister for- 
mation in MF is not clear. Intraepidermal blisters 
may result from coalescing Pautrier’s microabscesses 
and should be differentiated from spongiotic in- 
traepidermal blisters. In the latter other histologic 
features of MF are not present. Moreover, there is 
wide spongiosis which is not a feature of MF. Sub- 
epidermal blisters may be a consequence of exces- 
sive vacuolar degeneration of the BM zone or rupture 
of intraepidermal blisters (Fig. 365). MFB with 
subepidermal blisters could be easily confused with 
coexistence of MF and autoimmune subepidermal 
blistering diseases such as bullous pemphigoid. In 
MFB, DIF and IIF examinations are, however, nega- 
tive. 
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The histopathological differential diagnosis of 
MFB with subcorneal blister formation is pemphigus 
foliaceus and impetigo. In MFB, the results of im- 
munofluorecence and bacterial studies are, however, 
negative. 

The histology alone is not enough to make a defin- 
itive diagnosis of MFB and should be correlated with 
the patient’s history, the clinical picture and results of 
laboratory studies needed to exclude other possible 
causes of bullous lesions as for example immunofiu- 
orescence. 

Table 70 shows the diagnostic criteria of MFB. 
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Table 70. Diagnostic criteria of MFB [1 507-1518] 

1 . Bullous lesions within typical lesions of MF or on 
normally appearing skin 

2. Typical histologic features of MF with subcorneal, 
intraepidermal or subepidermal blisters 

3. Negative DIF and IIF examinations 

4. Negative evaluation for other possible causes of 
bullous lesions e.g., medications, allergy, bacterial 
or viral infection 



Atypical 
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in an 
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subepidermal 



Epidermotropism 



Initial 

subepidermal 

blister 



Infiltrate 
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Fig.365. Histopathology of mycosis fungoides bullosa showing typical histologic features of MF namely epidermotropism and 
dermal infiltrate of atypical lymphocytes. An intraepidermal blister which is about to become subepidermal can be seen. The 
blister results most probably from coalescing Pautrier's microabscesses because it contains atypical lymphoytes. An initial 
subepidermal blister which may be the consequence of excessive vacuolar degeneration of the BM zone can also be seen (by 
courtesy of S. Chimenti, Department of Dermatology, University of Rom,Tor Vergata, Rom, Italy) 
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Polymorphous light eruption 

Synonym: Polymorphic light eruption 

Polymorphous light eruption (PLE) is an idiopathic 
acquried photodermatosis with the following fea- 
tures: delayed onset, spontaneous regression, chronic 
seasonally intermittent course for many years with 
decreasing sensitivity after repeated sun exposure, 
restriction to sun exposed body-sites and absence of 
photosensitiser [1520]. 

PLE was first described in 1879 by Hutchinson un- 
der the name summer prurigo [1521]. The name poly- 
morphous light eruption was first introduced in 1900 
by Rasch [1522]. 

PLE is relatively common and has an estimated 
prevalence of 10-20% depending on the geographical 
location [1523, 1524]. It affects mainly fair skinned 
people of skin phototype I-IV [1520, 1525]. Females 
are more affected than males and in most patients, 
the onset of skin manifestations arise in the second or 
third decade. There is, however, no restriction to age, 
gender or race [1520, 1525]. 

Clinically, a characteristic sequence of events is re- 
ported by most patients [1520, 1525]. Itching occurs 
first, followed by patchy erythema and finally the 
emergence of distinct lesions (papules, plaques, 
papulovesicles, vesicles, small bullae or target-like le- 
sions). These lesions appear hours or a few days after 
intense sunshine exposure, are nearly always mono- 
morphous in the same patient and are restricted to 
sun exposed skin areas. Several clinical variants of 
PLE have been reported. These are shown in Table 71. 
Blisters occur in the vesiculobullous type of PLE, this 



variant is rare and the lesions consist of tense vesicles 
and small bullae on an erythematous base (Fig. 366). 
In addition, in the papulovesicular type tiny vesicles 
form on top of small urticarial papules. When further 
sun exposure is avoided the lesions of PLE subside 
spontanously within several days, usually without 
residues. Finally, the problem may resolve spon- 
tanously after many years. The initial episode of PLE 
frequently occurs in a geographical area with a higher 
sunlight intensity than the patient’s home region. The 
action spectrum of PLE is under debate [1520, 1525]. 
Reproduction of skin lesions was reported with UV-B, 
UV-A, and, rarely, visible light, with UV-A probably 
being the most effective part of the spectrum. 



Table 71 . Clinical variants of PLE [1 520, 1 525] 

1. Papular type 

The most commen type. Lesions are dissiminated or 
densely aggregated papules on patchy erythema 

2. Plaque type 

The second most common type. Occurs frequently 
on the face and resembles subacute cutaneous 
lupus erythematosus 

3. Haemorrhagic type 

Rare. Lesions are haemorrhagic papules 

4. Papulovesicular type 

Rare. Lesions consist of small urticarial papules 
topped by tiny vesicles 

5. Erythema multiforme-like type 
Rare and shows target-like lesions 

6. Vesiculobullous type 

Rare. Lesions consist of tense vesicles and small 
bullae on an erythematous base 








Diseases Occasionally or Frequently Associated 



341 



Histopathological Findings 

Histopathologically, PLE is characterised by superfi- 
cial and deep perivascular infiltrate of lymphocytes 
[1385]. The infiltrate may also be periadnexal [1034]. 
In many patients papillary oedema is present [1385]. 
There may also be spongiosis of variable extent. In 
blistering lesions of PLE there is a subepidemal blis- 
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ter which is located beneath the lamina densa (Fig. 
367) and forms as a consequence of the massive oede- 
ma of the papillary dermis (Fig. 368). There are also 
dilated blood vessels of the superficial vascular 
plexus in addition to perivascular and occasionally 
periadnexal lymphocytic infiltrate in the upper, mid- 
and deep dermis. 




Fig. 367. Blister mapping of the subepidermal blister in vesiculobullous type of PLE using antibodies against type IV collagen. 
The blister is located beneath the lamina densa which is marked by arrows 
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Fig.368. Histopathology of vesiculobullous type of RLE. Extensive oedema of the papillary dermis with formation of subepider- 
mal blisters. In the upper and mid-dermis perivascular, periadnexal and interstitial infiltrate of lymphocytes can be seen 
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Solar dermatitis 

Synonym: Sunburn, dermatitis Solaris 

Solar dermatitis is an acute delayed transient cuta- 
neous inflammatory reaction that occurs after over- 
exposure of the skin to ultraviolet radiation (UVR) 
[446, 807, 1526, 1527]. UVR consists of wavelengths 
less than 400 nm and there are three types: ultravio- 
let A (UV-A), 320-400 nm; ultraviolet B (UV-B), 
290-320 nm; and ultraviolet C (UV-C), 200-290 nm. 
UV-C does not reach the earth’s surface because it is 
Altered out in the outer atmosphere. Solar dermatitis 
is caused mainly by UV-B radiation. Adults with skin 
phototypes I-III [446], infants and children are more 
susceptible to solar dermatitis [1528]. Table 72 shows 
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the 6 skin phototypes [1529]. The incidence of solar 
dermatitis is increased in areas with intense solar ra- 
diation (as at the seaside and at high altitudes) and 
during summer [446, 807]. Clinically, there is tender 
oedematous erythema that develops acutely after 4 to 
6 hrs of UVR exposure, peaks at 12 to 24 hrs and sub- 
sides after about 72 hrs, usually with skin scaling, 
peeling and late pigmentation through melanin for- 
mation [446, 807, 1526, 1527]. The erythema is charac- 
teristically limited to the skin area exposed to the ra- 
diation. In severe cases blisters may develop on the 
erythema. As shown in Figure 369 the blisters are 
clear, tense and of different sizes. The blister may rup- 
ture leading to weeping and later on formation of 
crusts. In severe widespread cases of solar dermatitis 
fever, nausea, vomiting, headache, and circulatory 
collapse may occur [446, 807, 1530]. 



Table 72. Skin phototypes [1529] 
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Fig.369. Bullous solar dermatitis. Diffuse 
erythema with formation of tense clear 
blisters of different size. Note the sparing 
of the area covered by the swimsuit strap 




Histopathological Findings 

As shown in Figure 370 mild solar dermatitis is char- 
acterised histopathologically by the presence of 
necrotic keratinocytes, dilated blood vessels of the 
upper vascular plexus in addition to sparse infiltrate 
of lymphocytes and neutrophils. The necrotic ker- 
atinocytes have pyknotic nuclei and eosinophilic cy- 
toplasm and are called sunburn cells. In recent stud- 
ies, sunburn cells were recognised as keratinocytes 
undergoing apoptosis following UVR exposure and 
suggested as a protective mechanism to eliminate se- 
verely damaged cells that carry high risk of malig- 
nant transformation [1531, 1532]. The dilated blood 
vessels of the upper vascular plexuses manifest clini- 
cally as erythema and were suggested to be mediated 
by nitric oxide and prostaglandin E2 [1533]. If the so- 



lar dermatitis is more intense there will be more sun- 
burn cells, epidermal necrosis, neutrophils in the epi- 
dermis and vacuolar degeneration of the BM zone as 
shown in Figure 370 B. 

Bullous solar dermatitis is characterised histo- 
pathologically by the formation of an intraepidermal 
blister which most probably results from the epider- 
mal necrosis (Fig. 371). There are also numerous sun- 
burn cells, neutrophils in the epidermis, vacuoles be- 
tween the keratinocytes and vacuolar degeneration 
of the BM zone. In the dermis superficial perivascular 
and interstitial infiltrate of lymphocytes and neu- 
trophils in addition to dilated blood vessels of the up- 
per vascular plexus can be seen. The stratum cor- 
neum is basket-weave and parakeratosis or scale- 
crust may be present. 
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Fig.370. Histopathology of solar dermatitis. In the mild form A, there are sunburn cells, sparse perivascular and interstitial infil- 
trate of lymphocytes and neutrophils in addition to dilated blood vessels. In more severe cases B, there are many sunburn cells, 
epidermal necrosis, neutrophils in the epidermis and vacuolar degeneration of the BM zone 
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Fig.371 . Bullous solar dermatitis. An intraepidermal blister and many sunburn cells can be seen. The epidermis is necrotic and 
there is exocytosis of lymphocytes and neutrophils. Vacuoles between the keratinocytes in addition to vacuolar degeneration 
of the BM zone are also present. In the dermis there is perivascular and interstitial infiltrate of lymphocytes and neutrophils in 
addition to dilated blood vessels 
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DNA virus 133 

Domains 28 

Dorsal ganglion cell 135 

Dorsal root ganglia 27 

Dowling-Meara 58 

D-penicillamine 75, 79, 117 

DRBi^0404 95 

DRBi'^1401 95 

DRBi^1402 95 

DRBi^14o6 95 

Drosophila melanogaster 21 

Drug eruption 291 

- acneiform 291 

- bullous 291,295 

- - fixed 293 

- fixed 291 

- generalised bullous 292 

- lichenoid 291 

- localised bullous 292 

- maculopapular 291 

- morbiliform 291 
Drug induced erythema 

multiforme 291 
Drugs 75 

Dsc (desmocollin) 19 
Dsgi 19,105 
Dsg2 19 
Dsg3 19, 74, 105 
Dsg4 19 

Dual function proteins 22 
Duhring, L. 4, 198 
Dumbbell-shape 28 
Dussart 8 
Dyes 287 

Dyshidrosiform pemphigoid 158 
Dyshidrosis 145 
Dyshidrotic eczema 49 
Dyskeratotic keratinocytes 51, 52 
Dystonia musculorum gene 
(dystonin gene) 27 
Dystrophic epidermolysis bullosa 
(DEB) 38,197,244,250 

- albopapuloidea 244, 248 



- Cockaine-Touraine 
(DEB-CT) 244, 248 

- Hallopeau-Siemens 245, 248 

- non-Hallopeau-Siemens 246, 248 

- Pasini type 244 
Dysuria 256 

E 



Ear, external 135 
EBA (Epidermolysis bullosa 
acquisita) 223 

- auto antigen 223 

- classic 223, 224 

- diagnostic criteria 235 

- inflammatory 223, 224 

- mucosal 223, 227 
EBS 

- generalised 55 

- herpetiformis 56 

EBS with mottled pigmentation 
(EBS-MP) 55 
EBS with muscle dystrophy 
(EBS-MD) 56 
EBS, Kobner (EBS-K) 

- autosomal recessive 55 

- of feet 55 

- of hands 55 

- localised 55 

- molecular defects 58 

- Ogna 56 

- Weber-Cockayne 58 
EBS-DM (EBS, Dowling-Meara) 56 
Echymotic purpura 320 

ECMi 329 

Ectodermal dysplasia 22, 24 
Ectodomain 29 
Ectropion 258 
Eczema 146, 198 

- dyshidrotic 148 

- dishydrotic 49, 145, 158 
Eczema herpeticum 133 
Eczema of the feet 297 
EHS laminin 34 
Electrolyte imbalance 61 
Electron dense plate 27 
Electron microscopy 37 
Electron-dense area 26 
Electron-dense condensation 26 
Electron- dense layer 33 
Electron-lucent region 26 
Elevated serum bilirubin 308 
ELISA 173, 192, 198, 227 

- test 175, 236 

- - recombinant fusion protein 227 
Elliott, G. 4, 223 

EM see erythema multiforme 
Embryogenesis 33 
Encephalitis 134 
End domains 44 
Endocarditis 297 
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Endomysium 198 

- antibodies 200 

Entactin 36 
Enteropathy 198 
Enteroviral infection 143 
Enterovirus 71 143 

Entropion 186, 258 
Envoplakin 19, 21, 22, 24, 105 
Eosin 17, 287 
Eosinophilic abscess 91 
Eosinophilic and neutrophilic 

spongiosis 160 
Eosinophilic band 59 
Eosinophilic proteases 71 
Eosinophils 200, 201, 227, 283, 310 
Epidermal appendages 45 
Epidermal hyperplasia 64, 69, 314, 326 
Epidermal necrolysis, toxic 207 
Epidermal necrosis 257 
Epidermal nevus with epidermolytic 
hyperkeratosis 45, 64 
Epidermal protein 283 
Epidermal side of the split 213 
Epidermis 17, 200, 258 

- acanthotic 176 

- entire 79 

- eroded 79, 100 

- hyperplastic 64, 147 

- - and papillated with 
hypergranulosis 65 

- necrotic 150 

- reepithelisation 60 

- reticular degeneration 146, 149 
Epidermolysis bullosa 3, 238 

- generalised atrophic benign 29 

- junctional 29 

Epidermolysis bullosa acquisita (EBA) 
5, 197, 223 

Epidermolysis bullosa and congenital 
localised absence of the skin 244 
Epidermolysis bullosa atrophicans 
gravis 238 

Epidermolysis bullosa hereditaria 4 
Epidermolysis bullosa simplex 
45 , 49 , 50 

- and limb -girdle muscular 
dystrophy 56 

Epidermolytic arcanthoma 66 
Epidermolytic hyperkeratosis 66 
Epidermolytic hyperkeratotic type 67 
Epidermolytic ichthyosis, annular 61 
Epidermolytic palmoplantar 
keratoderma 45 
Epidermotropism 338 
Epiligrin 34 
Epiphenomenon 329 
Epithelia 18 

- conjuctival 19 

- corneal 19 

- stratified 21 

- - squamous 93 
Epithelial cells 26 

- type II keratins 44 



Epithelium 106 

- acanthotic 219 

- stratified squamous 17 
Epitope mapping 170 
Epitope spreading 75, 156, 198 
Epstein Barr virus 133, 303 
Erosions 3, 94, 116, 157, 176, 238, 240 
Eruption 

- erythematous macular 309 

- papular 309 
Eruptive xanthomas 271 
Erysipelas 

- bullous 298, 302 

- predisposing conditions 297 
Erythema 61 

Erythema annulare centrifugum 207 
Erythema multiforme 
(EM) 143,207,303 

- atypical 303 

- major 303 

- minor 303 

- pathophysiology 303 

- recurrent 303 

Erythema multiforme major 257 
Erythema multiforme minor 257 
Erythematous skin 4 
Erythrocytes 279, 300 

- extravasation 288 
Erythroderma 158 

- bullous congenital ichthyosiform 61 

- exfoliative 79 
Erythrodermic pemphigoid 158 
ETA (exfoliative toxin A) 123, 127 
ETB (exfoliative toxin B) 123, 127 
Ethylenediamine 282 
Eucaryotic cells 42 

Evening primrose oil 287 
Excess tearing 183 
Excoriations 198 
Exfoliative toxin A (ETA) 123 
Exfoliative toxin B (ETB) 123 
Exocytosis 314, 346 
Exocytosis of eosinophiles 71 
Exocytosis of lymphocytes 146 
Exocytosis of neutrophils 112 
Exocytosis, neutrophilic 114 
Exogenous agents 282 
Exogenous allergens 282 
Exon 29 

Extracellular anchoring domain 20 
Extracellular deposits 278 
Extracellular domain 20, 32 
Extracellular matrix 26, 251 
Extracellular matrix protein 1 
(ECMi) 329 

Extracellular repeating element 20 
Extravasation 279 
Eye 207 



F 



Face 74, 207 

Facial paralysis, ipsilateral 135 
False-positive serological test for 
syphillis 235 

Familial benign chronic pemphigus 
(Hailey- Hailey disease) 49, 50 

- autosomal dominant disorder 262 
Family tree, blistering disease 12 
Famotidine 257 

Fat cells 26 

Fat tissue, subcutan 217 

Fatigue 135 

Febril erosive stomatitis 303 
Fenticlor 283 
Ferritin levels 262 
Ferrochelatase 263 
Fever 133, 256 
Fibril protein 278 
Fibrin 200,280,290,300 

- deposition 201, 204 
Fibrinoid degeneration 

of the venules 322 
Fibroblast 242 
Fibrosis 188, 207, 250 

- conjunctival 210 
Filaggrin 42 

Fine white puncta 324 
Fingernails, white band of 51 
Finkelstein’s disease see acute infantile 
haemorrhagic oedema 
Flattened epidermis 266 
Fleas 313 
Flexor surfaces 

- ankle 324 

- anogenital region 324 

- forearms 324 

- penis 324 

- sacral region 324 

- wrists 324 
Flexural areas 279 
Fluoroquinolones 294 
Flushing attack 335 

Focal non-epidermolytic palmoplantar 
keratoderma 45 
Fogo selvagem 95 
Formaldehyde 282 
Fornices shortening 183, 210 
Fragrance mix 283 
Francois Boissier de la Croix de 
Sauvages 3 

Frenulum of the tongue 76 
Friction blister 49, 149, 150 
Frontal 136 
Frozen section 261 
Furanocoumarins 287 
Furosemide 268 
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G 



G domain 33 
Gi 37 
G2 37 
G 3 37 

Gametocytes 334 
Gastrointestinal lymphoma 198 
Gastrointestinal tract 279 
Gastrointestinal tract epithelia 45 
Gene 

- class II MHG 74 

- manipulated 12 
Gene loci 45 
Gene map loci 22 
Gene therapy 12 
Generalised erythroderma 309 
Genes 12 

Genitalia 182 

- distortion 183 
Genodermatoses 12 
Genome 38 

Genomic organisation 36 

Ghosts 136 

Gilchrest 268 

Gingiva 183, 187 

Gingivitis, desquamative 74, 184 

Gingivostomatitis, herpetic 130, 131 

Glands 

- mammary 29 

- salivary 29 

- thyroid 29 
Glial filaments 

- of astrocytes 42 

- of Schwann cells 42 
Globular carboxy domain 21 
Glomerular BM 36 
Glomerulonephritis 34, 134 
Gluten 198 

- component 198 
Gluten-sensitive enteropathy 198 
Glycine 263 

Glycoprotein 19, 27 
Goodpasture syndrome 36 
Graft-versus-host disease 
(GVHD) 308 

- acute 308, 310 

- bullous 312 

- chronic 309,310 

- clinical grading 309 
Graft-versus-host reaction 308 
Graham-Little syndrome 324 
Gram-positive bacteria 126 
Gram-stain 126 

Granular cell layer, late spinous 
early 42 
Granular cells 42 
Granular IgA deposits 205 
Granular layer 68 
Granulomatous slack skin 338 
Groin 207 



H 



Haematopoietic stem cells 334 
Haematuria 320 
Haeme 263 

Haeme synthesis 262, 263 
Haemolytic anaemia 235 
Haemophilus influenzae 297 
Haemorrhagic blister 253 
Haemorrhagic bullae 303 
Haemorrhagic nephritis 35 
Hailey-Hailey disease (familial benign 
chronic pemphigus) 8, 49, 50 
Hair 55 

- follicle 19, 24, 42 
Hale,W. 11 
Hallopeau 78, 245, 329 
Hallopeau, Francois Henri 5 
Hand-foot-mouth disease 143, 149 
Haploinsufficiency 21 
Haptens 282 

Hard palate 44, 225 
HD-i 28 
Headache 133 
Heart 33, 279 
a helices 28 

Helix initiation peptide 44 
Helix termination peptide 44 
Hematoxylin 17 
Hemidesmosomal attachment 
plaque 27, 41 

Hemidesmosomal proteins 27 
Hemidesmosomal transmembrane 
proteins 31 
Hemidesmosome 26 
Hemochromatosis gene 262 
Henoch-Schonlein purpura 320 
Heparan sulphate proteoglycan 
36, 278 

Heparan sulphate side chains 37 
Hepatic dysfunction 310 
Hepatitis B vaccination 325 
Hepatitis G virus 325 
Hepatomegaly 308 
Heptacarboxyporphyrin 262, 268 
Hereditary acrokeratotic 
poikiloderma 251 
Hereditary coproporphyria 262 
Herlitz 238 
Hermidesmosomes 43 
Herpes gestationis 4, 28, 170, 222 
Herpes gladiatorum 133 
Herpes progenitalis 130 
Herpes simplex 49, 136 

- genital 131 

- neonatal 131 

- recurrent 131, 133 

- ulcerative 132 

Herpes simplex virus (HSV) 130, 303 
Herpes virus infection 49, 136, 142 
Herpes withlow 133 
Herpes zoster 49, 79, 136 
Herpes zoster ophthalmicus 135 



Herpetiform 170 
Heterodimer 42 
Heterodimeric molecule 29 
Heterotrimeric glycoprotein 32 
Heterotrimeric protein 34 
Hexachlorobenzene 262 
HG 

- diagnostic criteria 175 

- factor 173 
Hinge region 39 
Hippocrates 3 
Histological period 8 
Historiography 3 

HLA alleles DQAi"^050i 198 
HLA association 329 
HLA DRBi haplotypes 95 
HLA-DQ2 198 
HLA-DQBi"^ 0301 156, 183 

HLA-DR2 223 
HLA-DR3 170 
HLA-DR4 170 
Hoarseness 329 
Hodgkin’s lymphoma 105 
Homologous module 33 
Homology regions 44 
Homology unit 28 
Homology unit G 23 
Homophilic adhesion 19, 25 
Homotrimeric complexe 29 
HSV (Herpes simplex virus) 136, 303 
HSV DNA 303 
HSV infection 303 
HSV-2 140 
Human genome 29 
Hutchinson 340 
Hutchinson’s sign 136 
Hyalinosis cutis et mucosae 329 
Hydratiform mole 170 
Hydroa vacciniforme 49, 149, 151 
Hydrogen peroxide 294 
2-hydroxy-4-methoxabenzo 
phenone 283 
Hydroxy methylbilane 263 
Hypergranulosis 

64,68,176,192,312,326 
Hyperkeratosis 64, 68, 286, 312 

- compact 326 

- epidermolytic 61, 64, 66 

- focal 19 

Hyperkeratotic stage 70 
Hyperpigmentation 258, 287 
Hyperplasia, epidermal 64, 71 
Hypersensitivity vasculitis 
see leucocytoclastic vasculitis 
Hypertrichosis 262, 264 
Hypertrophic contracture 258 
Hypertrophic eroded epithelium 192 
Hypertrophic scarring 258 
Hypoglycemia 273 
Hypohidrosis 258 
Hyponychium 324 
Hypopigmentation 258 
Hypotrichosis 19, 24 
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I 



ICD (irritant contact dermatitis) 286 

- chronic 286 

- cumulative 286 
Ichthyosis 

- cyclic with epidermolytic 
hyperkeratosis 61 

- epidermolytic 61 
Ichthyosis bullosa of Siemens 

64, 68, 69 
Ichthyosis hystrix 

of Curth-Macklin 64 
Id reaction 145 

lEN variant of IgA pemphigus 112, 114 
IFF examination 305 
IgA antibodies to gliadin 
[1020, 1021] 198 

IgA antibodies to tissue 
transglutaminase 198 
IgA deposits 112, 198 
IgA herpetiform pemphigus 111 
IgA pemphigus 24, 49, 112 
IgA pemphigus foliaceus 111 
IgG 

- antibodies 170 

- auto antibodies 35, 183 

- linear 192 
deposits 160 

IgG deposits 79, 94, 223 

- linear 168 

IgGi 173 
IgG 3 173 
IIF 79 

- examination 294 
IKKy 70 

Ileus 308 

Immune complex disease 319 
Immunfluorescence 158, 227, 236, 240 

- examination 160 
Immunhisto chemical studies 136 
Immunoblotting 127, 160, 295 
Immunodeficiency 297 
Immunoelectron microscopic 

examination 234 
Immunoelectron microscopy 11 
Immunofluorescence 
11, 118, 123, 188, 192, 295 

- examination 314 
Immunological disorder 235 
Immunological period 11 
Immunoperioxidase method 34, 35 
Immunoprecipitation 11, 192, 236 
Immunosuppression 135, 297 
Impaired thermoregulation 258 
Impetigo 8, 79 

Incontinentia pigmenti 49, 70, 71 
Increased energy expenditure 258 
Inercellular adhesion junctions 18 
Infiltrate 142, 165, 188, 213 

- band-like 176 

- intersititial 201, 258 

- lymphocytic 52 



- periadnexal 237 

- perivascular 201, 237, 258 

- superficial perivascular 
and intersititial 200 

Inflammation, mediators 282 
Inflammatory epidermolysis bullosa 
acquisita 222 
Inflammatory reaction, 
nonspecific 286 
Inheritance 

- autosomal recessive 243 

- mode of 55 

- sporadic 243 

Initial subepidermal blister 337 
Inner hemidesmosomal plaque 27, 41 
Inner root sheath 19, 44, 45 
Insect bites 198 

- bullous 313 
Integrin 29 

a integrin subunit 30 
a2pi integrin 29 
a3pi integrin 29, 31 
a6 integrin subunit 30, 183, 184 
a6p4 integrin 27, 29, 31 
p integrin subunit 30 
p4 integrin subunit 30, 183 
Integument 62 

Intercellular calcium homeostasis 17 
Intercellular IgA vesiculopustular 
dermatosis 111 
Interface dermatitits 108 

- degeneration of the BM 108 
Intermediate filament 18, 29, 42 
Interstitial infiltrate 285 
Intracellular anchoring domain 20 
Intraepidermal acantholytic blistering 

disease 8 

Intraepidermal blister 288 

- multiple 314 

- solitary 314 

Intraepidermal blistering disease 22 

- hereditary 49 

Intraepidermal bullous disease 50 
Intraepidermal IgA pustolosis 111 
Intraepidermal location 8, 9 
Intraepidermal neutrophilic 
IgA dermatosis 111 
Intraepidermal spongiotic 
vesicle 283, 284 
Intralamina lucida blister 35 
Intralamina lucida skin blistering 30 
Intraperitoneal injection 29, 156 
Intron-exon borders 12 
Inverse sites 238 
Involvement, ocular 207 
Ipsilateral facial paralysis 135 
Iron 262 

Irritant contact dermatitis (IGD) 286 

- irritants of acute 286 
Isocoproporphyrin 262, 268 
Isoform 19, 33 

4-isopropyldibenzoyl-methane 283 
Itching 340 



J 



Jacobi, F. 4 
Jaundice 308 
JEB 

- variants, molecular defects 240 

- diagnostic criteria 240, 243 
Jewel-like 207 

Johnson, FG 303 
Jordon, R. 11, 303 

Junctional epidermolysis bullosa 40 

- of Herlitz type 238, 243 

- of non-Herlitz type 238, 243 

- with pyloric atresia 30, 238, 243 

- without pyloric atresia 30 

K 



K 1 gene 61, 64 
K 10 gene 61, 64, 67 
K 2e gene 68 
K 5 gene 55 
K14 gene 55 
Kablitz, R. 4 
Kalinin 34 
Kaposi, M. 4 
47,XXY karyotype 70 
Keratin 45, 61 

- of type I 42 

- of type II 42 

Keratin 5 42, 55 

- gene 58 

Keratin 6 42 

Keratin 9 42 

Keratin 10 42 

Keratin 14 42, 55 

- genes 58 

Keratin 16 42 

Keratin intermediate filaments 
(KIF) 17, 25, 41 

Keratinisation of ocular surfaces 183 
Keratinocyte 17, 94, 109, 256, 283, 344 

- acantholytic 8, 52, 79, 188 

- adhesion 17, 22 

- apoptotic 71-73 

- ballooned 71,73,136 

- basal 57, 59, 78 

- cell surface 79 

- cohesion 78 

- confluent necrosis of 72 

- degenerated 64, 68 
vacuolated 68 

- - vacuolated feathery 67 

- degeneration 61 

- dyskeratotic 51, 52, 71 

- - and acantholytic 139 

- ghost of necrotic 142 

- with karyolytic nuclei 137 

- multinuclear 142 

- mutant 69 

- necrotic 136, 143 

- pale ballooned 137 
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- pallor 136 

- spindle shaped 59 

- surface 11, 79 
Keratitis 149, 246 
Keratoderma 21, 24 

- palmoplantar 58 
Kidneys 33, 279 

KIF (keratin intermediate 
filaments) 17 

- structure 61 
KINDi gene 251 
Kindler syndrome 251, 254 
Kit protein 334 
K-laminin 34 
Klinefelter syndrome 70 
Knockout mice 27 
Kobner, H. 5 

Kobner’s phenomenon 324 
Kraurosis vulvae 330 
ks-laminin 34 



L 



LABD 97 207 

Labia majora 187 
Labia minora 187 
Lacrimal 136 

Lacrimal duct destruction 258 
LAD 206 

- diagnostic criteria 213 

- predilection sites 207 
LAD, autoantigens 207 

- BPAGi 207 

- BPAG2 207 

- LABD 97 207 

- LADi 207 

- LAD255 207 

- LAD285 207 

- type VII collagen 207 
LADi 29, 207 
LAD255 207 

LAD285 207 
LAMA3 32 
LAMB3 32 
LAMG3 32 

Lamina densa 26, 33, 43, 206, 221, 279 

- branching and duplication 
of the 251, 255 

- NaGl split perilesional skin 227 
Lamina lucida 26, 31, 43, 192, 221, 251 

- region 160 
Lamina propria 86 
Laminin 

- polypeptide chain 33 

- trimeric constitution 34 

Laminin 1 34, 36 

Laminin 2 34 

Laminin 3 34 

Laminin 4 34 

Laminin 5 32, 34, 38, 183 

Laminin 6 32,34>38,i83 

Laminin 7 34 



Laminin 8 34 

Laminin 9 34 

Laminin 10 33, 34, 38 

Laminin 11 34 

Laminin 12 34 

K-Laminin 32 
Langerhans cells 282 
Lapiere 8 
Larrey 273 

Laryngeal involvement 184 
Larynx 182, 207, 211, 223 
Larynx oesophagus 207 
Late-onset progressive muscle 
dystrophy 29 
Lateral threads 19 
LE cells 235 
Leder’s stain 336 
Leguminosae 287 
Lens capsule 36 
Lesion 94, 298 

- albopapuloid 246 

- bullous 298 

- genitourinary 183 

- haemorrhagic 298 

- mucous membrane 79, 223 

- necrotic 298 

- ocular 209 

- oral 209 

- oral mucosa 198 

- purulent 298 

- tumid vegetation 78 

- ulcerative 142 

- vegetating inter triginous 158 
Lethal junction epidermolysis 

bullosa 238 

Leucaemia, chronic lympocytic 105 
Leucocytoclastic vasculitis (LV) 319 

- bullous 320 
Leukopenia 235 
Lever, W. 8 
Lice 313 

Lichen planopilaris 324, 325 
Lichen planus (LP) 180, 277 

- actinic 324 

- annular 324 

- atrophic 324 

- bullous 324, 326, 329 
lesions 324 

- classic 324 

- cutaneous 324 

- erosive (bullous) oral 324, 325 

- erythematous (atrophic) oral 324 

- exanthematic 324 

- familial 325 

- follicular 324 

- Graham-Little syndrome 324 

- hypertrophic (verrucous) 324 

- Lichen planopilaris 324 

- linear 324 

- nonfamilial 325 

- oral 324 

- palmoplantar 324 

- reticulate oral 324 



- ulcerative 324 

Lichen planus pemphigoides 
4, 28, 175, 176 

Lichen ruber planus see Lichen planus 
Lichen sclerosus (LS) 329 

- bullous 330, 331, 332 

- extragenital 330 

- female genital 330 

- male genital 330 
Lichen sclerosus et atrophicus 

see Lichen sclerosus 329 
Lichen simplex chronicus 330 
Lichenoid cicatricial pemphigoid NaGl 
split perilesional skin 193 
Lichenoid variant 192 
Lid deformities 210 
Ligand 29 
Light, polarised 278 
Limbs 207 

Linear IgA deposits 205 
Linear IgA disease 3, 38, 197, 208 
Linear IgA disease affecting multiple 
mucosal sites 210 
Linear IgA/IgG bullous 
dermatosis 212 
Linear IgG deposits 192 
Lines of Blaschko 67 
Lipoid proteinosis 329 
Liver transaminase 262 
Loricrin 42 

Loss of the epidermis 30 
Lower lip 183 

Lower stratum granulosum 44, 45 
LP see Lichen planus 
LPP; diagnostic criteria 180 
LS see lichen sclerosus 
Lung 33,36 

Lupus erythematosus 198 

- discoid 188 

LV see leucocytoclastic vasculitis 
Lyell,A. 256 

LyelPs syndrome, drug induced 256 
Lymph nodes, paracortical 
regions 282 

Lymphadenopathy, generalised 133 
Lymphocytes 227,258,273,279,283 

- exocytosis 146 
Lymphoedema 297 
Lymphoma 207 
Lymphopenia 235 
Lymphocytic colitis 207 
Lymphocytic infiltrate 52 
Lyon effect 71 

Lytic ligand 256 

M 



Macroglossia 279 
Malaise 133, 256 
Malar rash 235 
Malignancy 135 
- increased risk 184 
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- gastric carcinoma 32 

- pulmonary carcinoma 32 

- T-cell lymphoma 338 
Manifestations 70 
Marginal gingiva 184 
Mast cells 334 
Mastocytoma 334 

- bullous 334 
Mastocytosis 277, 333 

- cutaneous 334 

- diffuse cutaneous see diffuse 
cutaneous mastocytosis (DCM) 

- pediatric cutaneous 334 

- systemic 334 
Mastzellen 333 
Maternal antibodies 75 
Maternal auto antibodies 171 
Matrix 19 

Mauserung phenomenon 68 
Max-Joseph space 326 
Meesmann’s sponge nevus 45 
Melanocytes 17, 334 
Membranous glomerulonephritis 207 
Menarche 330 
Meningeal cell 18 
Meningoencephalitis 143 
Menstruation 171 

Mercaptobenzothiazole thiuram 282 
Merosin 34 

p-methoxy-isoamylcinnamate 283 
Methylen blue 287 
MHC gene, class II 74 
Mice, knockout 12 
Microfilament 42 
Microtubules 42 
Midplate threads 19 
Milia 262 
Milia formation 244 
Miliaria crystallina 49, 152, 153 
Miliaria profunda 152 
Miliaria rubra 152 
Milium formation 250 
Millium 250 
Milton, John Laws 4 
Miscellaneous subepidermal blistering 
disease 49, 155 

- bullosis diabeticorum 155 

- coma blisters 155 

- porphyria cutanea tarda 155 

- pseudoporphyria 155 

- toxic epidermal necrolysis 155 
Mitten-like deformities 246 
Mixed cryoglobulinaemia 319 
Mode of inheritance 50 

- autosomal dominant 55 
Modulating cell polarity 26 
Molecular anatomy 38 

- of the cutaneous desmosome 22 
Molecular biological period 12 
Molecular biological research 12 
Molecular defect 5, 55, 240 
Molecular structure 44 

- of envoplakin and periplakin 22 



- of perlecan 37 

- of plakophilins 22, 23 

- of type I and type II keratins 42 

- of type VII collagen 39 
Molecular weight 19, 22, 38 
Monkey oesophagus 79, 92, 94 
Monoclonal gammopathy 279 
Monoclonal IgA gammopathy 112 
Moracea 287 

Morbiliform eruptions 256 
Morphea-like changes 262 
Mosaicism 

- functional 71 

- of NEMO gene 70 
Mosquitoes 313 
Moths 313 

Mottled pigmentation 262 
Mouth, floor 225 
Mucin deposits 236 
Mucocutaneous form 76 
Mucocutaneous inflammatory 
disorder 329 
Mucocutaneous pemphigus 
vulgaris 24 

Mucocutaneus exfoliation 291 
Mucopoly-saccharides 330 
Mucosa 117 

- anal 74, 246 

- buccal 74 

- cervical 74 

- genital 207 

- gingival 74 

- labial 74 

- laryngeal 74 

- nasal 74 

- oesophageal 74, 246 

- oral 76, 246 

- palatal 74 

- perilesional 213, 227 

- pharyngeal 74 

- urethral 74 

- vaginal 74, 246 
Mucosal lesion 207 
Mucosal linera IgA disease 210 
Mucous membrane 182, 211 

- lesion 183, 256 

- oral 171 

- pemphigoid 182 

- vaginal 171 
Mucousal lesion in EM 303 
Multiglobular core protein 36 
Multiple mucosal lesions 211 
Multiple myeloma 207, 279 
Multiple sclerosis 156 
Muscle cells 26 

Muscle dystrophy 29,56 
Musk ambrette 283 
Mutation 17, 19, 21, 38 
Mutation detection strategy 12 
Mutation of the gene encoding 
for BPAG2 238, 243 
Mutations of the genes coding 
for the a3, p3 and the y2 



polypeptide chains of laminin 
238, 243 

Mutations of the gene encoding for the 
a6, p4integrin subunits 238, 243 
Myalgia 133 
Mycoplasma 303 
Mycosis fungoides 338 

- erythrodermic 338 

- follicular 338 

- granulomatous 338 

- granulomatous slack skin 338 

- hyperkeratotic 338 

- hyperpigmented 338 

- hypopigmented 338 

- mycosis fungoides bullosa 338, 339 

- mycosis fungoides palmaris 
et plantaris 338 

- pokilodermatous 338 

- pustular 338 

Mycosis fungoides bullosa 338, 339 
Mycosis fungoides palmaris et 
plantaris 338 

Myeloma associated amyloidosis 279 
Myocarditis 143 
Myoepthelial cells 44 
Myotonia 36 

N 



NaCl split normal human skin 192, 213 
NaCl split perilesional clinically 
normal appearing skin 169 
NaCl split perilesional mucosa 
192, 227 

NaCl split perilesional skin 192, 227 

NaCl split skin 213 

Nail dystrophy 56, 258, 279 

Nail loss 258 

Nail shedding 56 

Nails 55 

- dysplastic 240 

- dystrophic 240, 243 
Nalidixic acid 268 
Nape 198 
Naproxen 268 
Nasociliary 136 
Nasopharynx 182, 207, 223 
Nausea 133 

Naxos disease 21, 24 
NCi domain 39 

- of type VII collagen 223 
NC2 domain 223 

Necrosis of pilosebaceous units 273 
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Oesophageal strictures 258 
Oesophagus 36, 118, 182 
Oestrogen 262 

OMIM (Online Mendelian Inheritance 
in Man) 21, 24 

- numbers 22, 45 
Ophthalmologic changes 71 

- blindness 71 

- cataract 71 

- keratitis 71 

- optic atrophy 71 

- retinal pigment epithelium 
abnormalities 71 

- retinal vascular abnormalities 71 

- strabismus 71 

Oral cavitiy 74, 182, 184 

- mucosa 211 
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